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Executive Summary

Nomination

Cobalt dust was nominated for toxicology and carcinogenesis studies based on widespread occupational
exposure and the occurrence of occupational disease, i.e. hard metal disease, associated with exposure to
cobalt and its compounds, including cobalt tungsten carbide. The carcinogenicity of a soluble cobalt
compound, cobalt sulfate heptahydrate, in experimental animals exposed by inhalation has been recently
demonstrated. Limited data are available to assess the chronic toxicity and carcinogenic potential of
inhaled insoluble cobalt compounds, particularly cobalt metal dust.

Nontoxicological Data

Cobalt exists in two allotropic forms, the hexagonal form and the cubic form, both of which are stable at
room temperature. It is stable in air and water at normal temperature. Specially prepared very fine cobalt
dust (i.e., dust from the reduction of the oxides in hydrogen), however, will ignite at room temperature in
air.

Cobalt metal is commercially available with a purity >95% as broken or cut cathodes or as electrolytic
coarse powder, anodes, briquets, etc. Cobalt powders have been used in the formation of alloy phases,
cobalt-based superalloys, fine-particle magnetic alloys, and bearing materials filled with low-friction
substances (e.g., graphite and nylon). Extra fine cobalt powder is an important raw material for producing
cemented carbides, diamond tools, and metal welding and spraying components.

Most cobalt used in the United States is imported. Between 1995 and 1999, 6440 to 8430 metric tons
(14.2 to 18.6 million pounds) of cobalt was imported into the United States each year, and the reported
consumption ranged from 7590 to 9130 metric tons (16.7 to 20.1 million pounds) cobalt content. Two
U.S. companies produce extra fine cobalt metal powder from cobalt metal and scrap.

Typical workplace air concentrations range from 0.01 to 1.7 mg/m’ (0.004-0.71 ppm). Cobalt compounds
are released to the air from natural and anthropogenic sources, especially burning fossil fuels. Other
sources of atmospheric cobalt emissions are vehicle exhaust and cigarette smoke. At unpolluted sites,
mean atmospheric cobalt levels are generally <1 to 2 ng/m’ (0.4-0.8 ppt), while near industrial settings,
they may be >10 ng/m’ (4.1 ppt). In the United States, the average cobalt concentration in ambient air is
~0.4 ng/m’ (0.2 ppt).

Cobalt compounds are listed as Federal hazardous air pollutants and in Section 8(d) of the Toxic
Substances Control Act (TSCA). The American Conference of Governmental Industrial Hygienists
(ACGIH) has established a concentration of 0.05 mg Co/m’ for cobalt metal dust and fume as the eight[
hour time-weighted average (TWA) threshold limit value (TLV); the Occupational Safety and Health
Administration (OSHA) has set a permissible exposure limit (PEL) of 0.1 mg Co/m’ for cobalt metal dust
and fume as the TWA for general industry, the shipyard industry, and the construction industry; and the
National Institute of Occupational Safety and Health (NIOSH) has recommended an exposure limit of
0.05 mg/rn3 as cobalt for the metal, dust, and fumes as the ten-hour TWA.

Human Data

Exposure: The general public is primarily exposed to cobalt metal fume and dust via inhalation; other
routes include contact with the eyes and skin, and ingestion, since cobalt is a common trace element in
foods and drinking water. In the United States, more than a million workers are potentially exposed to
cobalt or its compounds, with the greatest exposure in mining processes, the cemented WC industry, and
in cobalt powder and alloys production. Occupational exposure to cobalt is primarily via inhalation of
dusts, fumes, or mists containing cobalt, targeting the skin and the respiratory tract, and occur during the
production of cobalt powder; the production, processing, and use of hard metal; the processing of asbestos
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fiber; the grinding and sharpening of cemented carbide and steel tools, etc. In the NIOSH 1981-1983
National Occupational Exposure Survey (NOES), an estimated 79,652 workers were potentially exposed
to cobalt in 16 industries.

Upon being absorbed by inhalation, cobalt (with a biological half-life of a few days) is eliminated in the
urine. A study measuring the ambient air in cobalt powder production reported a concentration in
ambient air ranging from 0.675 to 10 mg/m’ (0.280-4.1 ppm) and a mean concentration of 35.1 pg/L
(0.596 uM) cobalt in urine. In another study of cobalt powder and cobalt salt production, the mean
concentration of cobalt in ambient air was 46 to 1046 pg/m’ (0.019-0.434 ppm) (stationary samples); the
mean concentration of cobalt in blood was 5 to 48 pg/L (0.08-0.81 uM), and the mean level in urine was
19 to 438 pg/L (0.32-7.43 uM). (Correlative analyses have indicated that exposure to 50 pg/m® (0.02
ppm) cobalt in air leads to blood and urine concentrations roughly equivalent to 2.5 and 30 pg/L [0.042
and 0.51 uM], respectively.) Male workers occupationally exposed to a dust mixture for at least two years
had significantly higher levels of cobalt in the urine than non-exposed workers (geometric means of 23.6
and 1.1 pg Co/g creatinine [0.400 and 0.019 umol/g], respectively). Airborne concentrations of cobalt
during processes involving hard metal were mainly below 100 pg/m’ (41.5 ppm).

Toxicity: Cobalt dust is a mild irritant to the eyes and the skin. Symptoms of ingestion include
hypotension, pericardial effusion, vomiting, and convulsions. Inhalation of cobalt dust and fumes has
caused shortness of breath, dermatitis with hyperemia, and vesiculation. Additionally, cardiac effects,
congestion of the liver, kidneys, conjunctiva, and immunological effects have been observed.

Chronic exposure to cobalt as a metal, fumes, or dust has been reported to cause respiratory disease with
symptoms ranging from cough to permanent disability and even death, respiratory hypersensitivity,
progressive dyspnea, decreased pulmonary function, weight loss, dermatitis, and diffuse nodular fibrosis.
Allergic sensitization and chronic bronchitis may also result from prolonged exposure to the powder.

Intense occupational exposure to cobalt powder for 20 months produced a progressive hearing loss and
atrophy of the optic nerve. A case of giant cell interstitial pneumonitis induced by cobalt dust was also
reported. In both cases, the patient improved with the termination of exposure. A 48-year-old worker
handling cobalt powder experienced cardiac shock under anesthesia during an operation for a duodenal
ulcer.

Carcinogenicity: Few epidemiological studies of cancer risk in cobalt-exposed workers exist. In studies
that are available, confounding by nickel and arsenic exposures and the limited size of the exposed
population limit their utility for assessing carcinogenic hazard. The International Agency for Research on
Cancer (IARC) concluded that there was inadequate evidence for the carcinogenicity of cobalt and cobalt
compounds in humans and categorized the compounds as Group 2B—possibly carcinogenic to humans.

Genotoxicity: In workers occupationally exposed for at least two years to a dust mixture containing
cobalt, nickel, and chromium, the mean value of individual sister chromatid exchange (SCE) frequencies
and the percentage of high-frequency cells (HFC) were significantly higher compared to controls, and
both were statistically significantly affected by exposure status and smoking habit. However, because
cobalt is a weak mutagen, the results suggested that the small amounts of chromium and nickel might
have been sufficient enough to induce SCE. In another study, male workers exposed to cobalt dust from
refineries and workers exposed to hard metal dust from two producing plants had no significant increase
of genotoxic effects (i.e., initial DNA damage and definitive chromosome breakage or loss) when
compared to each other as well as controls. In contrast, in an in vitro study using peripheral blood cells
from a healthy volunteer, cobalt powder and tungsten carbide-cobalt mixture (WC-Co) both induced
dose-dependent increases in chromosome and DNA damage; the effect of the latter mixture was greater
than that of cobalt alone.

il
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Animal Data

Chemical Disposition, Metabolism, and Toxicokinetics: Rats exposed to cobalt (0.001-0.5 mg/m’
[0.0004-0.2 ppm] for 24 hours/day for 3 months) had accumulated levels in the thyroid, liver, and
kidneys. Cobalt accumulation was also found in the lungs at >0.001 mg/m® (0.415 ppb]. The degree of
accumulation was proportional to the concentration and duration of exposure. When administered as
WC-Co, cobalt levels in urine were significantly increased compared to administration of pure cobalt,
suggesting a greater bioavailability of cobalt when combined with WC. Clearance patterns of cobalt from
the lungs and from blood in the animals were biphasic—in the first phase, clearance was rapid, while in
the second phase, the removal was slower. Rapid urinary excretion of cobalt was also observed in rats
exposed to WC-Co (intratracheal [i.t.]; 0.50 mg/100 g [0.085 umol/g] body weight), occurring as early as
six hours after instillation but failing to increase any further after 12 hours. Animals receiving cobalt
powder (0.03 mg/100 g [5.1 nmol/g] body weight) excreted cobalt at a rate about one order of magnitude
lower than WC-Co rats at six hours. However, at 48 hours, both groups had excreted almost equal
amounts, and on day 7, there was no significant difference between mean urinary excretions of cobalt.
The mean lung cobalt concentration of rats given cobalt was two times more than that for WC-Co; by day
7, mean levels had decreased significantly to almost the same level in all exposed rats.

In miniature swine, cobalt (inhalation; 0.1-1.0 mg/m® [0.04-0.41 ppm] pure cobalt powder for 6 hours/day
5 days/week for 3 months) was excreted mostly by the kidneys. In tissue analysis, the highest cobalt level
in the control group was found in the liver. Test animals had similar levels in the liver. In the kidney
cortex, however, cobalt concentrations were higher in the exposed groups compared to that in the control

group.

Acute Toxicity: In rats, an intraperitoneal LDs, value of 100-200 mg/kg (1.70-3.39 mmol/kg body weight
was calculated. An LDs, value of 1500 mg/kg (25.45 mmol/kg) was also reported but the route was
unspecified.

Metallic cobalt powder was found to have an "acute irritant action," leading to severe changes in
capillaries in the lungs or peritoneum, accompanied with a significant amount of fluid and sometimes
hemorrhages. In rats, i.t. instillation of a 5% sterile suspension of cobalt powder produced pulmonary
hemorrhage and edema. In a comparison study, golden hamsters, adult cavies, rabbits, and mice were
exposed to cobalt dust via inhalation (study details not provided). Animals showed gross edema and
numerous hemorrhages in the lungs.

In SD-Jcl rats exposed to cobalt aerosol (2.72 mg/m’ [1.13 ppm)]) for five hours, a very slight increase in
alveolar macrophages in the alveolar ducts was observed three days after exposure. When given for an
extended period (2.12 mg/m’ [0.880 ppm] for 5 hours/day for 4 days), early inflammatory changes in the
lung were seen; the induced lesions, however, were reversible.

Short-term or Subchronic Toxicity: Inhalation studies with metallic cobalt aerosol (0.005-0.5 mg/m’
[0.002-0.2 ppm] 24 hours/day for 3 months) produced increases in hemoglobin and erythrocyte levels and
decreases in blood phospholipids, cholesterol, and B-lipoproteins in rats. Additionally, disturbances in
protein and carbohydrate metabolism and enzyme system, activation of the hemopoietic system, and
pathomorphological changes in several organs and tissues were observed. Inhalation of the powder (0.48
and 4.4 mg/m’® [0.20 and 1.8 ppm] for 4 months) also affected mucosal tissue. At 200 mg/m’ (83.0 ppm),
damages occurred in the vascular system, respiratory system, and in kidneys. A single i.t. injection of
cobalt (3, 5, 10, and 50 mg [0.05, 0.08, 0.17, and 0.85 mmol]) caused changes in the lungs of rats.

In guinea pigs, i.t. administration of cobalt dust (50 mg [0.85 mmol]) resulted in obliterative pleuritis and
firm dust lesions. Miniature swine exposed to cobalt powder (0.1-1.0 mg/m’ [0.04-0.41 ppm] 6 hours/day

il
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5 days/week for 3 months) became lethargic after one month and exhibited a functional impairment in the
lungs, weakened ventricular contraction, and repolarization abnormalities. Alveolar septa were
significantly thickened with collagen, elastic tissue, and fibroblasts.

WC-Co was found to be more toxic to the lung than cobalt alone. In a study of the delayed lung effects of
pure cobalt powder and hard metal powder, a single i.t. instillation of WC-Co (1, 5, or 10 mg/100 g [0.17,
0.85, or 1.7 pmol/g] body weight) induced an acute alveolitis, which persisted for a month, while cobalt
alone (0.6 mg/100 g [0.1 umol/g] body weight) produced only slight effects. Repeated administration of
cobalt (0.06 mg/100 g [0.01 pmol/g] body weight 4x) failed to produce any significant parenchymal
changes, but WC-Co (1 mg/100 g [0.17 pmol/g] body weight 4x) induced a pulmonary fibrosis reaction;
this was different from the progressive inflammatory process induced by crystalline silica.

Synergistic or Antagonistic Effects: In an in vitro assay, titanium carbide, niobium carbide, and
chromium carbide exerted a synergistic effect with cobalt powder on mouse peritoneal macrophage
integrity (i.e., increased lactate dehydrogenase [LDH] release).

Cytotoxicity: In mouse peritoneal macrophages and rat alveolar macrophages, WC-Co (12-200 pg/mL)
had a greater toxic affect than cobalt metal powder alone (0.6-12 pg/mL [10 pM-0.20 mM]); for example,
glucose uptake and superoxide anion production were both more significantly reduced by WC-Co than by
the metal. Cobalt powder and WC-Co (both at 3 pg Co/mL [0.05 mM]), however, did not stimulate the
production of interleukin-1 (IL-1), tumor necrosis factor-a (TNF-a), or fibronectin by rat alveolar
macrophages.

In an in vivo assay with rats, WC-Co (0.06 mg Co/100 g [0.01 pmol/g] body weight) showed greater
toxicity than cobalt alone (same dose). Significant increases in bronchoalveolar lavage fluid (BALF)
parameters and the cellularity of BALF occurred with WC-Co. In lung phagocytes, WC-Co and cobalt
both significantly stimulated cystatin-c production.

In chick primary cultures and rodent fibroblast cell lines, cobalt released from cobalt metal, alloys or
dissolved salts was cytotoxic at concentrations >7.5 pg/mL (0.13 mM); cell death, growth inhibition, and
mitotic aberrations were observed.

Reproductive and Teratological Effects: In test animals (species not provided) exposed to cobalt by
inhalation (dose and exposure duration not provided), adverse effects included testicular atrophy,
decreased sperm motility, and an increased length of the estrus cycle. Oral exposure to the metal at levels
causing maternal toxicity produced stunted growth and decreased survival of newborn pups.

Carcinogenicity: In rats, single or repeated intramuscular or intrathoracic injections of cobalt metal
powder (28 mg [0.48 mmol]) produced tumors at the injection site, mostly rhabdomyosarcomas. In rats,
guinea pigs, and miniature swine, no tumors were observed from exposure via inhalation (up to 1.5
mg/m’ [0.62 ppm] in rabbits and swine; 200 mg/m’ [83.0 ppm)] in rats) and i.t. (2.5-50 mg [0.042-0.85
mmol]) and intrarenal (5 mg [0.08 mmol]) injections. In rats, cobalt metal powder has also produced
tumors in the thyroid gland, as well as the injection site. In rabbits, injection of cobalt dust produced
transplantable liposarcomas and hyperplasia of adipose tissue.

Genotoxicity: Incubation of human peripheral lymphocytes with cobalt (0.06-6.0 pg/mL [1.0 pM-0.10
mM]) or WC-Co (10-100 pg/mL) caused a time- and dose-dependent increase in the production of DNA
single strand breaks. On the basis of an equivalent cobalt content, WC-Co had a more significant effect
than cobalt alone. Addition of sodium formate (1 M) had a protective effect against the production of the
breaks with both powders.

v
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No chronic toxicity or immunotoxicity studies with cobalt powder or dust were available.

Miscellaneous Studies: In rats exposed for four months to metallic cobalt dust (dose not provided), blood
pressure was reduced by 20-25%, beginning with the third month of exposure. In a separate experiment
(study details not provided), significant prolongation of extensor chronaxie and a significant but smaller
increase in flexor chronaxie were observed at the second month of exposure in the animals. In addition,
the rheobase increased but not significantly. The findings were indicative of changes in the central
nervous system.

In cultured rat myoblasts, cobalt metal powder in horse serum produced cytological changes resembling
those found in cobalt-induced rhabdomyosarcomas in vivo.

Hard Metal Disease and Cobalt-Tungsten Carbide: Numerous reviews and original studies on cobalt[]
induced occupational disease (especially hard metal disease) are available. The major effects in hard
metal workers exposed to cobalt-containing dust are pulmonary effects. Interstitial fibrosis (hard-metal
pneumoconiosis) and occupational asthma are the two types of lung lesions that occur. A study of
memory functioning found that adult WC workers with hard metal disease had memory deficits related to
difficulties in attention and verbal memory.

In animal studies, a synergistic effect was observed when cobalt was combined with WC (see above data).
Rat alveolar epithelial type II cells (AT-II) were found to be more sensitive to cobalt than macrophages,
and human AT-II were less sensitive to cobalt than rat alveolar macrophages. The toxicity of cobalt was
increased with WC. In human osteosarcoma (HOS) cells, a pure mixture of tungsten (92%), nickel (5%),
and cobalt (3%) particles (r-WNiCo) as well as cobalt powder alone (both at concentrations from 0.750
200 pg/mL) had a dose-dependent decrease in cell survival during a 24-hour incubation period. The 1-
WNiCo particles also produced transformants showing morphological changes and anchorage(]
independent growth in soft agar, induced tumors at the injection site in nude mice, and produced
alterations in ras oncogene expression. The mixture was genotoxic; DNA breakage and chromosomal
aberrations were induced when cells were exposed to the mixture.

Rats exposed to repeated inhalation of a cobalt metal blend used by the cemented carbide industry (20
mg/m3 [8.3 ppm] cobalt for three years) had hyperplasia of the bronchial epithelium and focal fibrotic
lesions of the lungs with developing granulomata. An experiment in which the animals were exposed
daily to cobalt metal fume of cobalt, cobalt oxide, and cobaltic-cobaltous oxide (almost equal parts) via
inhalation produced no such reactions. In guinea pigs, repeated inhalation of a mixture of cobalt (25%)
and WC (75%) produced acute pneumonitis, which then rapidly led to death.

Structure-Activity Relationships

The NTP (National Toxicology Program) evaluated the toxicity and carcinogenicity of cobalt sulfate
heptahydrate and found some evidence of carcinogenic activity in male rats based on increased incidences
of alveolar/bronchiolar neoplasms. Marginal increases in incidences of pheochromocytomas of the
adrenal medulla may have been related to exposure to cobalt sulfate heptahydrate. There was clear
evidence of carcinogenic activity in female rats based on increased incidences of alveolar/bronchiolar
neoplasms and pheochromocytomas of the adrenal medulla in groups exposed to cobalt sulfate
heptahydrate. There was clear evidence of carcinogenic activity of cobalt sulfate heptahydrate in male
and female B6C3F1 mice based on increased incidences of alveolar/bronchiolar neoplasms. Inhalation
exposure to cobalt sulfate heptahydrate, cobalt oxide, and cobalt hydrocarbonyl caused various
inflammatory, fibrotic, and proliferative lesions in the respiratory tracts of rats, mice, and hamsters.
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1.0  Basis for Nomination

Cobalt dust was nominated for toxicology and carcinogenesis studies based on the widespread
occupational exposure and the occurrence of occupational disease, i.e. hard metal disease,
associated with exposure to cobalt and its compounds, including cobalt tungsten carbide.

The carcinogenicity of a soluble cobalt compound, cobalt sulfate heptahydrate, in experimental
animals exposed by inhalation has been recently demonstrated. Limited data are available to
assess the chronic toxicity and carcinogenic potential of inhaled insoluble cobalt compounds,
particularly cobalt metal dust. Furthermore, the evidence for a difference in toxic and
carcinogenic responses for insoluble and soluble metal compounds, e.g. nickel, warrants a further
evaluation of cobalt dust.

2.0 Introduction

In this report, Sections 2.0 through 8.0 mainly contain nontoxicological data for "cobalt metal;"
where available, data for "cobalt dust" were included (e.g., production processes). Toxicological
data consist of studies specifically using cobalt metal dust or powder. When given, comparisons
with tungsten carbide-cobalt powders are provided. In addition, a brief review of toxicology data
for hard metal and other cobalt compounds is presented in Sections 9.10.2 and 10.0, respectively.
Further toxicity information on cobalt, form unspecified, and cobalt compounds can be found in
Draft Toxicological Profile for Cobalt (ATSDR, 2001).

2.1 Chemical Identification and Analysis
Cobalt ([Co]; CASRN 7440-48-4; mol. wt. = 58.9332) is also called:

ACO 4 Cobalt metal
Aquacat Co 0138E

C.1. 77320 NCI-C60311
Cobalt element Super cobalt

Sources: Registry (2001); RTECS (2000)

Cobalt in air, water, food, biological materials (e.g., urine, blood, serum, and tissues), and in
various working materials has been analyzed using gas chromatography (GC), graphite furnacel’
atomic absorption spectrometry (GF-AAS), flame-AAS (F-AAS), inductively coupled plasma
emission spectrometry (ICP), neutron activation analysis (NAA), adsorption differential pulse
voltammetry (ADPV), and differential pulse cathodic stripping voltammetry (DPCSV) (IARC,
1991). Several sampling procedures have been developed by the National Institute of
Occupational Safety and Health (NIOSH) (e.g., methods 7027 and 7900) for the analysis of
cobalt in air (HSDB, 2001). Cobalt metal fume and dust is first collected on a cellulose
membrane filter and then treated with nitric acid; as a solution in acid, analysis is then done
using an atomic absorption spectrophotometer (NIOSH, 1978). The Occupational Safety and
Health Administration (OSHA) has also developed air sample methods for cobalt dust and fume
(e.g., OSHA ID 125G and OSHA ID 121) (OSHA, 2001). The determination of cobalt in
biological materials is used as a biological indicator of exposure to the metal (IARC, 1991).



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

2.2 Physical-Chemical Properties

Property Information Reference(s)
Physical State:
cobalt metal gray, hard, magnetic, ductile, and Budavari (1996)

somewhat malleable metal
cobalt metal fume and dust black solid or finely divided particulate NIOSH (1978)
dispersed in air

Odor odorless HSDB (2001)

Boiling Point (°C) 3100 Budavari (1996)

Melting Point (°C) 1493 Budavari (1996)

Density (g/cm’) @ 25 °C 8.92 Budavari (1996)

Water Solubility practically insoluble IARC (1991)

Soluble in: dilute nitric acid, hydrofluoric acid, Budavari (1996); IARC (1991)

sulfuric acid, and hydrochloric acid

Although a magnetic metal, cobalt loses this property at 1115 °C (HSDB, 2001). It exists in two
allotropic forms, the hexagonal form and the cubic form, both of which are stable at room
temperature. At ordinary temperature, it is stable in air and toward water (Budavari, 1996).
Specially prepared very fine cobalt dust (i.e., dust from the reduction of the oxides in hydrogen),
however, will ignite at room temperature in air. The reaction of cobalt powder or dust with
bromine pentafluoride, fused ammonium nitrate, or other strong oxidizers is violent; ignition,
explosion, and/or fire can occur (HSDB, 2001). When heated, cobalt is oxidized to the mixed
oxide, Co(ILIII) oxide (Co304); above 900 °C, Co(II) oxide (CoO) is the end product.
Additionally, when heated, it combines with sulfur, phosphorus, and carbon (IARC, 1991).
Under oxidizing conditions, it readily concentrates with manganese oxides (Donaldson, 1986).

2.3  Commercial Availability

Cobalt metal is commercially available as broken or cut cathodes or as electrolytic coarse
powder, anodes, briquets, shots, single crystals, granules (99.5% cobalt), rondelles, powder (99.8
or 99.995% cobalt), ductile strips (95% cobalt), high-purity strips (99% cobalt), foil (99.95 or
99.99% cobalt), rods (99.998% cobalt), wire (>99.9 % cobalt), and mesh powder (up to 99.6%
pure) (IARC, 1991; HSDB, 2001). The metal is also found in the following forms: cobalt brass
(22-30% cobalt), cobalt steel (34.5% cobalt), cobalt chromium molybdenum steels (1.33%
cobalt), cobaltron steel alloy (2.25% cobalt), and cobalt-based superalloys (up to 60% cobalt)
(HSDB, 2001). Refined cobalt is sold primarily as broken or cut cathodes by primary refiners
(92%); electrolytic coarse powder makes up 3% of the industrial market (IARC, 1991).

In 1999, Carolmet Cobalt Products (Laurinburg, NC) produced cobalt metal powder from cobalt
metal, and Osram Sylvania, Inc. (Towanda, PA) produced the powder from scrap (Shedd, 2000).
OM Group, Inc. (aka OMG) is the world's largest producer and refiner of cobalt; its 2000
production was between 7000 and 8000 metric tons (15.44 and 17.64 million pounds). It has
manufacturing facilities in St. George, UT, and Kokkola, Finland, and supplies cobalt extra fine
powders in seven grades (OMG, 2000).

3.0 Production Processes

Cobalt is recovered as a byproduct from the mining and processing of nickel, silver, lead, copper,
gold, and zinc ores (primarily as a byproduct of nickel and copper ores). From ore concentrates,
it is obtained by roasting and then thermal reduction of the oxides by aluminum, electrolytic
reduction of a metal solution, or by leaching with ammonia or sulfuric acid under high
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temperatures, followed with reduction by hydrogen (Donaldson, 1986; HSDB, 2001). Most
cobalt used in the United States is imported.

Cobalt powder is produced for industrial use by several processes. Reduction of oxides (gray
cobalt(I) oxide [CoO] or black cobalt(Il, IIT) oxide [C0304]) yields a product with a purity of
99.5% and a particle size of approximately 4 um, while pyrolysis of carboxylates (cobalt formate
or oxalate) produces a product with about 99.9% purity and a particle size of approximately 1
pm. Reduction of cobalt ions in aqueous solutions (e.g., purified leach solutions with cobalt
pentammine complex ions) with hydrogen under pressure and at a high temperature yields an
irregular chainlike powder. Very pure cobalt powder can be obtained by the decomposition of
cobalt carbonyls (Mond process) (Donaldson, 1986).

4.0 Production and Import Volumes

World cobalt metal production during the period from 1970 to 1988 ranged from 18,084 tons
(39.9 million pounds) to 36,720 tons (81.0 million pounds). Cobalt mining in the United States
began in the late 1930s and ended in 1971 (Roskill Information Services, 1989; Shedd, 1990; and
Snedd, 1988; all cited by IARC, 1991). The United States, however, has been the world's largest
consumer of cobalt (Bustow, 2000; cited by Shedd, 2000). ). U.S. cobalt production between
1964 to 1971 ranged from 690,000 to 1,215,000 Ibs (345 to 608 tons; 313 to 551 metric tons)
(Sibley, 1975). A negligible amount of byproduct cobalt is produced from some mining
operations. Production is obtained from scrap; in 1998, 3,080 metric tons (6.79 million pounds)
was recycled (ATSDR, 2001).

Between 1985 and 1988, 31% of the U.S. cobalt supply was imported from Zaire, 21% from
Zambia, 21% from Canada, 10% from Norway, and 17% from other countries (e.g., Belgium,
Germany, Japan, and the United Kingdom) (IARC, 1991). Between 1995 and 1999, 6440 to
8430 metric tons (14.2 to 18.6 million pounds) of cobalt was imported into the United States
each year; reported consumption ranged from 7590 to 9130 metric tons (16.7 to 20.1 million
pounds) cobalt content (Shedd, 2000).

5.0 Uses

About 80% of the cobalt produced worldwide is used in the metallic state (Grimsley, 2001).
[The United States is the largest consumer.] Cobalt is used in several military and industrial
applications (ATSDR, 2001). It is used in the production of alloys, in the manufacture of cobalt
salts, and in nuclear technology (e.g., the cobalt bomb [hydrogen bomb surrounded by a cobalt
metal shell]) (Budavari, 1996). It is an effective catalyst for many organic reactions, particularly
in hydrotreating catalysts which have molybdenum and cobalt sulfides as active components.
Applications of cobalt include its use in the production of cemented WC (hard metal) and as an
alloying element in superalloys, magnetic and hard-facing alloys, cobalt-containing high-strength
steels, electrodeposited alloys, and other alloys with special properties (IARC, 1991). Specificll
ally, cobalt powders have been used in the formation of alloy phases (e.g., maraging steel by hot
extension of prealloyed powders), cobalt-based superalloys, fine-particle magnetic alloys, and
bearing materials filled with low-friction substances (e.g., graphite and nylon) (Donaldson,
1986). Extra fine cobalt powder is an important raw material for producing cemented carbides,
diamond tools, and metal welding and spraying components (OMG, 2000). Because of the
health hazards associated with cobalt in workers (see Section 9.1.1), the Indian National Trade
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Union Congress and the Diamond Trading have requested a ban on the use of cobalt as a
material input in the diamond industry (7The Times of India, 2001).

Major uses of cemented carbide-coated tools are metal-cutting operations and mining and
quarrying (Smith and Carson, 1981).

6.0  Environmental Occurrence and Persistence

Cobalt is ubiquitous, accounting for 0.001 to 0.002% (20 mg/kg [0.34 mmol/kg]) of the earth's
crust. It is a major constituent of about 70 minerals and a minor or trace constituent of hundreds
more. Concentrations of cobalt are found in mafic and ultramafic rocks (average: 270 mg/kg
[4.58 mmol/kg] cobalt), sedimentary rocks (e.g., clays [40 mg/kg (0.68 mmol/kg)] and sandstone
[4 mg/kg (0.07 mmol/kg)]), meteorites, plants, soils, seawater (0.1-1 ppb [0.002-0.02 umol/kg]),
and manganese-rich marine nodules (Donaldson, 1986; IARC, 1991; ATSDR, 2001).

Cobalt is released to the air from natural (e.g., volcanoes, wind-blown continental dust, and
marine biogenic emissions) and anthropogenic sources (e.g., burning of fossil fuels and
processing of cobalt-containing alloys). Annual global atmospheric emission of cobalt from
natural sources is ~13 to 15 million pounds and that from anthropogenic sources is ~9.7 million
pounds (Lantzy and Mackenzie, 1979; Nriagu, 1989; Barceloux, 1999; all cited by ATSDR,
2001). Anthropogenic cobalt from combustion sources is primarily the oxide (Schroeder et al.,
1987; cited by ATSDR, 2001). Carson (1979) estimated U.S. releases of cobalt compounds from
coal burning and coking coal were 240 metric tons per year and releases from burning residual
fuel oils totaled 100 metric tons per year. During ore extraction processes, cobalt may exist as
the arsenide or sulfide. Other sources of atmospheric cobalt are emissions from vehicle exhaust
and cigarette smoke (ATSDR, 2001). According to the Toxic Chemical Release Inventory
(TRI), total releases of cobalt and its compounds to the environment (i.e., air, water, soil, and
underground injection) from 695 facilities producing, processing, or using the compounds were
15.6 million pounds in 1999. Of this amount, 103,232 pounds were released into the air,
accounting for 0.7% of the total on-site environmental releases (TRI99, 2001; cited by ATSDR,
2001). Because cobalt compounds are expected to be particle-associated in air, the average
lifetime of the chemicals is estimated to be about 5 to 15 days (Cal-ARB, 1997).

At unpolluted sites, mean atmospheric cobalt levels are generally <1 to 2 ng/m’ (0.4-0.8 ppt),
while in industrial settings, they may be >10 ng/m’ (4.1 ppt) (Smith and Carson, 1981; Hamilton,
1994 [cited by ATSDR, 2001]). In the United States, the average cobalt concentration in
ambient air is ~0.4 ng/m’ (0.2 ppt) (Smith and Carson, 1981). In remote, rural, and U.S. urban
sites, the levels range from 0.001 to 0.9 ng/m’ (0.0004-0.4 ppt), from 0.08 to 10.1 ng/m’ (0.03[]
4.19 ppt), and from 0.2 to 83 ng/m’ (0.08-34 ppt), respectively (Schroeder et al., 1987; cited by
ATSDR, 2001). In several open-ocean environments, geometric mean cobalt levels ranged from
0.0004 to 0.08 ng/m’ (0.0002-0.03 ppt) (Chester et al., 1991; cited by ATSDR, 2001). Typical
workplace air concentrations range from 0.01 to 1.7 mg/m® (0.004-0.71 ppm) (IARC, 1991;
Barceloux, 1999; cited by ATSDR, 2001).

7.0  Human Exposure

General Population: The general public is primarily exposed to cobalt metal fume and dust via
inhalation; other routes include contact with the eyes and skin, and ingestion, since cobalt is a
common trace element in foods and drinking water (HSDB, 2001; NIOSH, 1978; ATSDR, 2001;
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Grimsley, 2001). The average daily intake of cobalt for an adult in the United States has been
estimated at about 300 pg (5.09 umol) from foods, 6 pg (0.1 pmol) from water, and <0.1 pg
(0.002 pmol) from community air (HSDB, 2001). Cobalt has also been detected in cigarette
smoke. Smokers with no occupational exposure to cobalt were found to have a significantly
higher mean cobalt concentration in urine (0.6 pug/L [0.01 pM]) than nonsmokers (0.3 pg/L
[0.005 uM]); cobalt levels in blood were the same (Alexandersson, 1988; cited by IARC, 1991
and ATSDR, 2001).

Occupational: In the United States, more than a million workers are potentially exposed to
cobalt or its compounds, with the greatest exposure in mining processes, the cemented WC
industry (see Section 9.10.2 for further details), and in cobalt powder and alloys production.
Occupational exposure to cobalt is primarily via inhalation of dusts, fumes, or mists containing
cobalt, targeting the skin and the respiratory tract, and occur during the production of cobalt
powder; the production, processing, and use of hard metal; the processing of asbestos fiber; the
grinding and sharpening of cemented carbide and steel tools, etc. (IARC, 1991; Lauwerys and
Lison, 1994; HSDB, 2001). Operations employed for the production of hard metal tools expose
workers to cobalt-containing dust through the removal of cobalt in wear particles from these
tools as the metal and in the oxide forms (Smith and Carson, 1981). In the NIOSH 1981-1983
National Occupational Exposure Survey (NOES), an estimated 79,652 workers were potentially
exposed to cobalt in 16 industries (Pedersen et al., 2001).

A study measuring the ambient air in cobalt powder production reported a concentration of
cobalt in ambient air ranging from 0.675 to 10 mg/m’ (0.280-4.1 ppm) and a mean concentration
of 35.1 pg/L (0.596 uM) cobalt in urine (Pellet et al., 1984; cited by IARC, 1991). In another
study of cobalt powder and cobalt salt production, the mean concentration of cobalt in ambient
air was 46 to 1046 pg/m’ (0.019-0.434 ppm) (stationary samples); the mean concentration of
cobalt in blood was 5 to 48 pg/L (0.08-0.81 uM), and the mean level in urine was 19 to 438 pg/L
(0.32-7.43 uM) (Angerer et al., 1985; cited by IARC, 1991). [Correlative analyses have
indicated that exposure to 50 pg/m’ (0.02 ppm) cobalt in air leads to blood and urine
concentrations roughly equivalent to 2.5 and 30 pg/L (0.042 and 0.51 uM), respectively.]
Airborne concentrations of cobalt during processes involving hard metal were mainly below 100
ng/m’ (0.04 ppm) (see Section 9.10.2) (IARC, 1991).

8.0  Regulatory Status

Cobalt compounds are listed as Federal hazardous air pollutants under the 1990 Clean Air Act
Amendments, Section 112(b)(1) (1990) as promulgated in 42 U.S. Code Section 7412(b)(1)
(2000) and cited in 40 CFR 63, Subpart C, Section 63.60 (U.S. EPA, 2001). Under AB 2728, the
ARB identified the substances as toxic air contaminants in April 1993 (Cal-ARB, 1997). Cobalt
is also listed in Section 8(d) of the Toxic Substances Control Act (TSCA) (40 CFR 712.30)
(HSDB, 2001).

The American Conference of Governmental Industrial Hygienists (ACGIH) has established a
concentration of 0.05 mg Co/m’ for cobalt metal dust and fume as the eight-hour time-weighted
average (TWA) threshold limit value (TLV); OSHA has set a permissible exposure limit (PEL)
of 0.1 mg Co/m’ for cobalt metal dust and fume as the TWA for general industry, the shipyard
industry, and the construction industry (29 CFR 1910.1000, 29 CFR 1915.1000, and 29 CFR
1926.55, respectively); and NIOSH has recommended an exposure limit of 0.05 mg/m’ as cobalt
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for the metal, dust, and fumes as the ten-hour TWA (NIOSH, 1978; IARC, 1991; ATSDR, 2001,
HSDB, 2001).

Under Proposition 65, California has determined that cobalt metal powder is a carcinogen (Cal-
ARB, 1997).

9.0 Toxicological Data

9.1 General Toxicology

9.1.1 Human Data

Also see Section 9.10.2 for additional human data on effects of exposure to cobalt with other
heavy metals.

Chemical Disposition, Metabolism, and Toxicokinetics: Upon being absorbed by inhalation,
cobalt (with a biological half-life of a few days) is eliminated in the urine (Hoet and Lauwerys,
1998). In nonoccupationally exposed persons, normal concentrations of cobalt in blood and
urine range from 0.1 to 2 pg/L (0.002-0.03 uM). In hair, levels between 0.4 to 500 pg/kg
(0.007-8.48 umol/kg) were reported. In uremic patients, increased levels of cobalt in serum have
been found (Curtis et al., 1976; Lins and Pehrsson, 1984; Elinder et al., 1988; Iyengar and
Woittiez, 1988; all cited by IARC, 1991). Workers exposed to cobalt dust and fumes in the
production of cobalt powder had mean cobalt concentrations of 5 to 48 pg/L (0.08-0.81 uM) in
blood and mean values of 19 to 438 g/L (0.32-7.43 M) in urine during sampling post shift (Seiler
et al., 1988; cited by HSDB, 2001). Male workers occupationally exposed to a dust mixture for
at least two years had significantly higher levels of cobalt in the urine than non-exposed workers
(geometric means of 23.6 and 1.1 pg Co/g creatinine [0.400 and 0.019 pumol/g], respectively)
(Gennart et al., 1993).

Toxicity: Cobalt dust is a mild irritant to the eyes and the skin. Symptoms of ingestion include
hypotension, pericardial effusion, vomiting, and convulsions. Inhalation of cobalt dust and
fumes has caused shortness of breath, dermatitis with hyperemia, and vesiculation (HSDB,
2001). Additionally, cardiac effects, congestion of the liver, kidneys, conjunctiva, and
immunological effects have been observed (Cal-ARB, 1997).

Chronic exposure to cobalt as a metal, fumes, or dust has been reported to cause respiratory
disease with symptoms ranging from cough to permanent disability and even death, respiratory
hypersensitivity, progressive dyspnea, decreased pulmonary function, weight loss, dermatitis,
and diffuse nodular fibrosis (Dorsit, 1970 [cited by Herndon et al., 1981]; NIOSH, 1978;
Budavari, 1996). Allergic sensitization and chronic bronchitis may also result from prolonged
exposure to the powder (Donaldson, 1986). Few "poorly documented" cases of interstitial lung
disease have been reported from exposure to cobalt alone (Kochetkova, 1960; Reinl et al., 1979;
both cited by Lison and Lauwerys, 1995). Case reports include workers exposed to cobalt dust
in industries in Russia, who had skin lesions, acute dermatitis (numerous red papules and
nodules), surface ulcerations, and edema on hands and other exposed body parts (Brakhnova,
1975; cited by Herndon et al., 1981). Workers exposed to industrial dusts containing <0.1 mg
Co/m’ (0.04 ppm) for an average of 12.6 years had diffuse, interstitial lung disease, cough, and
dyspnea on exertion (Coates and Watson, 1971; cited by Herndon et al., 1981). Individuals
exposed to fine cobalt metal dust in a cobalt plant in Olen, Belgium, had respiratory irritation and
reversible bronchitis (Verhamme, 1973; cited by Herndon et al., 1981).
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Intense occupational exposure to cobalt powder for 20 months produced a progressive hearing
loss and atrophy of the optic nerve; the individual improved with the termination of exposure
(Meecham and Humphrey, 1991; cited by Lauwerys and Lison, 1994). A case of giant cell
interstitial pneumonitis induced by cobalt dust was also reported; the patient improved with the
termination of exposure and treatment with oral corticosteriods (Sundaram et al., 2001). A 48[]
year-old worker handling cobalt powder experienced cardiac shock under anesthesia during an
operation for a duodenal ulcer. The heart was dilated (400 g) and contained 7 pg Co/g (10
nmol/g) versus normal levels of 0.1-0.4 pg/g (2-7 nmol/g) (Kennedy et al., 1981; cited Jensen
and Tuchsen, 1990).

Carcinogenicity: Few epidemiological studies of cancer risk in cobalt-exposed workers exist
(Jensen and Tiichsen, 1990). A high incidence of pulmonary cancer was found in English cobalt
miners; however, the etiology was not known (Schwartz et al., 1947; cited by Herndon et al.,
1981). Epidemiological studies of cobalt miners in the United States, Canada, Zaire, and other
countries found no association between cobalt and neoplasm; however, cobalt was the cause of
hard metal respiratory disease (see Section 9.10.2 for further details) (Payne, 1977; cited by
Herndon et al., 1981). In a mortality study of a cohort of 1143 workers in an electrochemical
plant producing cobalt and sodium (110 engaged in cobalt production) for at least a year during
1950 to 1980, an increased number of deaths from lung cancers was observed in those producing
cobalt; smoking may have been a factor (Mur et al., 1987). Confounding by nickel and arsenic
exposures is also a major problem, as well as the limited size of the exposed population (Jensen
and Tichsen, 1990). The follow-up (1981-1988) did not support the proposed relationship
between lung cancer and cobalt exposure (Moulin et al., 1993).

IARC (1991) concluded that there was inadequate evidence for the carcinogenicity of cobalt and
cobalt compounds in humans and categorized the compounds in Group 2B—possibly
carcinogenic to humans.

Genotoxicity: In 26 male workers occupationally exposed for at least two years to a dust mixture
containing cobalt, nickel, and chromium, the mean value of individual sister chromatid exchange
(SCE) frequencies and the percentage of high-frequency cells (HFC) were significantly higher
compared to controls, and both were statistically significantly affected by exposure status and
smoking habit. Because cobalt is a weak mutagen, the results suggested that the small amounts
of chromium and nickel might have been sufficient enough to induce SCE (Gennart et al., 1993).

Male workers exposed to cobalt dust from refineries and workers exposed to hard metal dust
from two producing plants had no significant increase of genotoxic effects (i.e., initial DNA
damage and definitive chromosome breakage or loss) when compared to each other as well as
controls. Urinary 8-hydroxydeoxyguanosine (8-OhdG) levels were similar in both exposure
groups (20 pg [0.34 pmol] Co/g creatinine). Results of the alkaline comet assay on lymphocytes
failed to show any statistical significantly differences among the worker groups; when combined
with the formamidopyrimidine DNA glycosylase enzyme to detect oxidative DNA damage, the
same outcome was observed. The frequency of micronucleated mononucleates (MNMC) did not
differ among the worker groups, whereas the frequency of micronucleated binucleates (MNCB)
was not statistically different between control and exposed workers, but was statistically
significantly higher in cobalt workers compared to hard metal workers (De Boeck et al., 2000).
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In an in vitro study using peripheral blood cells from a healthy volunteer, cobalt powder and
tungsten carbide-cobalt mixture (WC-Co) both induced dose-dependent increases in
chromosome and DNA damage; the effect of the latter mixture was greater than that of cobalt
alone (Van Goethem et al., 1997).

Other Data: Cobalt (up to 150 mg [2.55 mmol]), in particulate form, exhibited a strong
hemolytic effect in human erythrocytes. There was a rapid rise in hemolysis up to about one
hour, and then a plateau was reached and fairly maintained up to about six hours. Preincubation
with serum weakened the activity (Rae, 1978).

9.1.2 Chemical Disposition, Metabolism, and Toxicokinetics

Rats exposed to cobalt (0.001-0.5 mg/m’ [0.0004-0.2 ppm] for 24 hours/day for 3 months) had
accumulated levels in the thyroid, spleen, liver, and kidneys. Cobalt accumulation was also
found in the lungs at >0.001 mg/m’ [0.415 ppb]. The animals showed a dose-response relation ]
ship in cobalt accumulation and distribution. The degree of accumulation was proportional to
the concentration and duration of exposure (Popov et al., 1977). When administered as WC-Co,
cobalt levels in urine were significantly increased compared to administration of pure cobalt,
suggesting a greater bioavailability of cobalt when combined with WC. At a cobalt concentral’l
tion of 0.03 mg/100 g (5 nmol/g), urinary cobalt levels at 24 hours after intratracheal (i.t.)
instillation were 6.81 pg (0.116 pmol) in rats given pure cobalt powder and 22.17 pg (0.3762
pumol) in rats given WC-Co. At 1.00 mg Co/100 g (0.170 umol/g), the amounts were 49.14 and
371.07 pg (0.8339 and 6.2968 pmol), respectively (Lasfargues et al., 1992).

In SD-Jcl rats exposed to cobalt acrosol (2.12 mg/m’; 0.880 ppm) for 5 hours/day for 4 days, the
average cobalt content of the lungs at two hours after the last exposure was 6.42 pg/wet g (0.109
umol/g); in blood, cobalt content was 28.94 pg/L (0.4911 uM). At 28 days after exposure, the
values were 0.09 pg/wet g (1.5 nmol/g) and 0.40 pg/L (6.8 nM), respectively. The clearance
patterns of cobalt from the lungs and from blood were biphasic—in the first phase, clearance was
rapid, while in the second phase, the removal was slower. The biological half-times of cobalt in
the lungs were 52.8 hours for the first phase and 156.0 hours for the second phase. In blood, the
values were 52.8 and 172.8 hours, respectively. During the 28 days after exposure, the blood to
lung cobalt concentration was almost constant (Kyono et al., 1992). Rapid urinary excretion of
cobalt was also observed in rats exposed to WC-Co (i.t.; 0.50 mg/100 g [0.085 umol/g] body
weight), occurring as early as six hours after instillation but failing to increase any further after
12 hours. Animals receiving cobalt powder (0.03 mg/100 g [5.1 nmol/g] body weight) excreted
cobalt at a rate about one order of magnitude lower than WC-Co rats at six hours. However, at
48 hours, both groups had excreted almost equal amounts, and on day 7, there was no significant
difference between mean urinary excretions of cobalt. The mean lung cobalt concentration of
rats given cobalt was two times more than that for WC-Co; by day 7, mean levels had decreased
significantly to almost the same level in all exposed rats (Lison and Lauwerys, 1994).

In miniature swine, cobalt (inhalation; 0.1-1.0 mg/m’ [0.04-0.41 ppm] pure cobalt powder for 6
hours/day 5 days/week for 3 months) was excreted mostly by the kidneys. Animals receiving the
low dose excreted a slightly higher amount of cobalt in urine compared to controls (29 and 18 ug
Co/L [0.49 and 0.31 uM], respectively), while those receiving the high dose excreted more than
ten times the controls (220 pg/L; 3.73 uM). In tissue analysis, the highest cobalt level in the
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control group was found in the liver (0.15 pg/g; 2.5 nmol/g). Test animals had similar levels in
the liver (0.13 pg/g [2.2 nmol/g] for the low-dose group and 0.14 pg/g [2.4 nmol/g] for the high(]
dose group). In the kidney cortex, however, cobalt concentrations were higher in the exposed
groups compared to that in the control group (0.16 pg/g [2.7 nmol/g] [low dose] and 0.19 ng/g
[3.2 nmol/g] [high dose] versus 0.09 pg/g [1.5 nmol/g] [controls]) (Kerfoot, 1973; Kerfoot et al.,
1975).

9.1.3 Acute Exposure

Acute toxicity values for cobalt dust are presented in Table 1. The details of studies discussed in
this section are presented in Table 2. (Note: Although the exposure period for experiments with
cobalt dust was "acute," studies were classified under short-term, subchronic, or chronic
exposure based on the length of the observation period. See Sections 9.1.4 and 9.1.5.)

Table 1. Acute Toxicity Values for Cobalt Dust

Route Species (sex and strain) LDs Reference
i.p. rat (sex n.p., white) 100-200 mg/kg bw; 1.70-3.39 | Frederick and Bradley (1946;
mmol/kg bw cited by Harding, 1950)
n.p. rat (sex and strain n.p.) 1500 mg/kg; 25.45 mmol/kg Donaldson (1986)

Abbreviations: bw = body weight; i.p. = intraperitoneal(ly); LDs, = lethal dose for 50% of test animals; n.p. = not provided

Metallic cobalt powder was found to have an "acute irritant action," leading to severe changes in
capillaries in the lungs or peritoneum, accompanied with a significant amount of fluid and
sometimes hemorrhages. In rats, i.t. instillation of a 5% sterile suspension of cobalt powder
produced pulmonary hemorrhage and edema. Some cobalt was found in the bronchi and atria
and close to the alveolar wall, near bronchial ends. In a comparison study, golden hamsters,
adult cavies, rabbits (all n=2), and mice (n=6) were exposed to cobalt dust via inhalation (study
details not provided). Animals showed gross edema and numerous hemorrhages in the lungs.
The hamsters showed the least severe symptoms during exposure; their lungs were congested
and edematous and showed extensive desquamation of the bronchial epithelium. The toxicity of
cobalt was related to its solubility in protein-containing fluids (Harding, 1950).

In SD-Jcl rats exposed to cobalt aerosol (2.72 mg/m’; 1.13 ppm) for five hours, a very slight
increase in alveolar macrophages in the alveolar ducts was observed three days after exposure.
When given for an extended period (2.12 mg/m’ [0.880 ppm] for 5 hours/day for 4 days), early
inflammatory changes in the lung were seen; the induced lesions, however, were reversible
(Kyono et al., 1992).

9.1.4 Short-term and Subchronic Exposure
The details of the following studies are presented in Table 3.

Inhalation studies with metallic cobalt acrosol (0.005-0.5 mg/m’ [0.002-0.2 ppm] 24 hours/day
for 3 months) produced increases in hemoglobin and erythrocyte levels and decreases in blood

phospholipids, cholesterol, and p-lipoproteins in rats. Additionally, disturbances in protein and
carbohydrate metabolism and enzyme system, activation of the hemopoietic system, and



01

(s)oam = ym papraoid jou = *d'u ‘roqunu = u {(s)afew = JA {(A])[eoyORIENUI = )T UONR[BYUI = YUI {(S)INOY = [ :SUONBIAJIQQY

(2661) Te 10 ouoky

-9jo1dwod

Sem SO[OIYIU0Iq A} U AIOA0I ‘SAEp §7 Iy ‘TEUWLIOU O} PIUINOI
T[O9A]E PUE SO[OIYOU0Iq ‘QInsodxd 19)je sAep § 3y "ULIO} [TuAn(
oy 03 pawniojsuer) Ajjesr3ojoydiow a1om s[[9o | 2d4) paSewrep
Jwog "aInsodxa I10)Je [ 7 JB PIAIISQO dIoM Jsoul (satrefideo

Jo Suimouireu pue ‘wnioyds rejoaafe 11 od4) Jo uonerojijord
‘eydos Je[09ATE OY) JO BWIOPI [ennsIuI ‘wnioyido Jej0oAe

1 2d£) Jo ewopa Jen[eoeNUI ‘O3ewep oFeydoroew ‘sAemire
1omo0] oy ur winiayda oy Jo uonerdyrjoxd pue AydontodAy
[eo03 papnjour sagueyd [eor3ojoyredoisiy -omsodxd 19)ye sAep
€ PUB [ 7 Je PIAISSqo d1om soFueyd Areuownd jnoe ‘sjel [je uf

amsodxa Jo pud 2y}

19)Je sAep g7 pue ‘g ‘¢ pue
[ 7 18 PIOIJLIOES S)Bl {SAep
10} Aep/y ¢ Joy (wdd
088°0) (w/3w ] ‘yut

du

Amd ‘1opmod
1[eqOo duljenN
Jo uorsuadsns
snoanbe ue
wol1j pojerousd
S[0SO0I9. }]eqOd

(dno1g/g-7) INST
‘PIo-3m-8 ‘TOr-dsS ‘sieyd

(2661) Te 10 ouoky

‘POAIISQO S SIONP JR[OdATR A} Ul saSeydoroew
JIeJO9ATR Ul dseaIoul WIIs A10A & ‘amsodxd 19y sAep ¢ 1y

amsodxa 19je sKep
€ 18 PaAIasqo < G 10J (wdd
€1°1) /8w g/ "yut

du

Ayund ‘xopmod
1[eqOo dulyEn[N
Jo uorsuadsns
snoanbe ue
wol1j pojeIousd
S[0SOI9. }]eqOd

(dnoig/g-7) INST
‘PIo-m-8 ‘TOr-ds ‘sied

"SPUQ [LIYOUOI] JEAU ‘[[em JB[OSA[E dU} 0} ISO[O

pUE BLI}E PUR IYOUO0Iq J} UI }[2QOO SUIOS PIMOYS UOT)BUIIIEXD
01d09SOIOIA “OIFRULIOWAY PUB SNOJBWAP A[SSOIZ o10Mm SSun|
" 9 0} SAINUIW G| UIYIM PIIp pue ‘sarnjerddud) Apoq pases1odp
pey ‘Apponb Suryyeslq a1om ‘syoeq 1oy} uo paoefd uoym

4 9= pourad uoneArssqo
‘ourpes [eor3ojorsAyd
ur uorsuadsns

d'u

Ayund “snp 31eqod

Jo uorsuadsns

(9=u) (z0y10 Yrim

(0S61) Surprey SOA[OSWAY FunYSLI Ul AJ[NOLJIP pey ‘OISIey)o] 919M S[ewIuy Jo (Jowr ') TW [~ <Y1 O[S %G | poznaysaue) preqard ‘syey
(UIAED JI) S[eITUY
POLIdJ UONBAIISqQ pUB Lung pue JO X3S pue “dqunN

(OERLEREIEN | SHUIWWO0))/SINSIY ‘aonean( ‘dso( ‘dInoy ULIO [ed1way) 93y pue ‘ure.nq ‘saradsg

2007/20

Isnq 3eqo)) 03 dansodx7y NIV ‘7 Qe

[#-8+-0t v L] 3sn( 31Eq0)) 10) Arewrmng [ed130[0IX0,




IT

‘(payy10ads j0u) poje[aI-xas 21om SOFURYD JWOS
S[OAD] QWIAZUD PASLAIOIP OS[e 9SOP Y3IY Y], "AIAIIOR QWAZUD

ow
7= pourad uoneAIdsqo ‘ow

(OERLEREIEN |

SHUIWIUO))/SINSIY

POLId UONBAIISqQ puUeB
‘aonean( ‘dso( ‘dInoy

Lrmg pue
ULIO [BdTUIdY))

(1861 “Te 10 UOpUIOH QUWIOS JO UINJAI 9Y} UT PAIINSAI dINS0dXd IOYIIN,] "PISLAIOP 7 1oy (wdd g°1 pue 0z'0) du
Aq pa1o €8/61) IpeISIOdID) Q10M SoWAZUd [esoonur A1ojenrdsal [[e ‘9sop MO[ oy} 1Y Jw/Su ' pue gp7( tyur | Kumd 9snp 3jeqoo s1ey
(1861 “1B 30 "9Nssn [esoonu ow = pordd uoneAIasqo d'u
uopuIoy Aq pao ‘8/61) o ur paa1asqo a1am Aydone [erjoypido swos pue ‘oFewep ‘ot § 10§ (wdd Amd ‘1opmod
pu[g pue Ipe13Iodn Juawd[d Jeny[eo wnidyds ‘saueyos orydonsAp pue K103e[noIr) 0T°0) Jw/Sur g4 “yut [e1ow 3[eq0D s1ey
'$9sop aInsodxa Yym paje[a110d sadueyd [esrgojoydiow
pue [eo13ojoyjed Jo AILI0AS JO 90139p oY ], "PUNOJ SBM SIdqL)
uoZe[[oo pue ‘onssy proydwA] ‘SouBIqUIOW SNOSNW [BIYOUOI] U} AI0A0001 I9)JB OW ¢ puB
J0 A)1A130BOI O} UI 9SBAIOAP B ‘S3Un| U] 'S9[NQN} [BUI POINJOAUOD UONRIIUL JO)' OUW ¢ pUB
ur AydonsAp urajoid priw pue £31a130831 [[00 proydwA] oruoyds G'] J& OpeW SUOIIBAIISQO
Ul 9SBAI00p B SeM 10U "SOSUBYD J1)0IOU PUE J1)OIqOIOU ‘ow ¢ 10y Kep/y
s sajkoojedoy pue s914001eday Jed[oNUIq JO SIOqUINU PAONPAT yz (wdd z°0 “20°0 ‘2000 du
pey s1oar] -eisejdiodAy eroyds orperods pue winioyids ‘$000°0) (/S g0 pue Kumd ‘fosoroe
(LL61) 'Te 10 Aodog popunol yim sa|olf[oy a3.e| pey pro&y) Ay ‘ wy/3w ¢00'0= IV ‘60°0 ‘S00°0 10070 “yut 1[eqoo d1ffelow AyYm ‘sey
"POAISSqQO ow ¢= porod UOIBAIISqO
o1oMm urelq pue ‘proifyy ‘uadds ‘Aoupry I9AI] ‘wIsKs K1ojerrdsar ‘owr ¢ 103 Aep/q
oy ur soueyd [eordojoydiowoyred pue ‘woisAs ondrodoway yz (wdd z°0 “20°0 ‘2000 du
JU} JO UOTJBAIJOR ‘WIDISAS SWAZUD ) UI PUB WSI[OqeIoW ‘$000°0) (/S g0 pue Kumd ‘fosoroe
(9LL61) Aodog 2)eIpAY0qIEd pue uta)o1d Ur SadUBIMSIP * W/SUW §00"0= IV S0°0 ‘S00°0 ‘10070 <yur 1[eqO9 OI[eloW syey
(1861 “Te 30 UOPWIOH £Q PANd :LL61
‘eunyIe]q pue AodoJ) amsodxs Jo owr ¢ 0} ¢'T wol (payroads
10U SONJBA [BNOR) JOAI] OY) UL X7'| PUB ‘ASUpLY oY) UI X7 ow ¢= potad UonEAIdSqo
“PIOIAY} SY) UL XZ| PISEIIOUL SEA JUIIUOD J[BqOO ‘ WS §°0 1Y ‘our ¢ 10§ Aep/y
+C (wdd 7°0 20°0 “200°0 du
(1861 “T& 30 UOpUIoH 'S|onuood 03 paredwod pasearddp a1om surdjordodil-¢ ¢000°0) mE\wE G'0 pue Aumnd ‘josoroe
Kqpano :L/61) rodog pue ‘[o1a1s9[0yd ‘sprdrjoydsoyd pooq ‘ w/Sw ¢00 0= 1V ‘S0°0 “S00°0 “100°0 “yut 1[8qQO0 dlj[eow s1ey
ow ¢= porod UOIBAIISqO
-ausodxa snonunuod Jo oW G'g ‘owr ¢ 10y Aep/y
I0)JE PASBAIOUT S[OAJ] M T JB PISBIIOIP AIIM S[IAS] UIqO[FOwY $z (wdd z°0 ‘2070 ‘20070 du
(1861 ‘18 30 uopuIoy pue 2140011  wy/Sw G pue §0°0 YA POAISSO 000°0) (/S g°( pue Aumd ‘josoroe
£q pano t9/61) aodog SeM [9A9] UIGO[SOWSY Ul dSBAIOUL UE ‘. W/SW §00"0 YA ‘60°0 ‘5000 ‘100°0 “qut 18q09 Olfelau AYm ‘sey
(udA1D J1) S[EWIUY

JO X3¢ pue “rR_qunN
93y pue ‘ure.nq ‘saradsg

2007/20

Isn 3eqo) 03 dansodx 7 dUOIYIqNS puUL WLI)-}I0YS € d[qeL

[#-8+-0t v L] 3sn( 31Eq0)) 10) Arewrmng [ed130[0IX0,




4!

(0002) SOALY

*SIS0I09U Je[nqn}
9JNOB pUE QINJIE] [EUDI AJNOB PIPNOUL YOIYM ‘S[NqN) UI PILINIO0
os[e souey) "PIAIISqo d1om (pay10ads jou saueyd) uonesidsar
10 ‘xeo) ‘s3unj oy} ur pue (UOTJE[IP SNOUIA JO JE[OLId)IE
[e19Ua3 10 [BUOIZAI 9°T) WRISAS Je[noseA ) Ul sofewe(q

M £ 1= poudd
UOIBAIISQO A[JUSNIULIOIUL
3y L1 10§ (wdd g8
101 (w/Sw o0z “qut

du
Ayund “snp 31eqod

sieyq

(¥861)

AOUBAJ pUe BPEISI00n

“OAISSEUI IOW SEM UOTJEI}[IJUl
[199-punoi pue ‘Aydome juomiopun erjaypids snosueind

91} JO UOT)BULIOJSURI) [[90-)9]O3 JO SUOISAI JopEOIg "OW € PUe |
10}JE PASLAIOUT SeA QULIN Y} JO UOTBIIUSIUOD OPLIOTYD Y} ‘| U]

“POsEaIOU OS[E SEM QULIN OU) UI UOHBIUIOU0D UIdj01d ‘ol ¢ 1oy

"porrad 1940001 9]} I9}JE PUE OW 7 JOYE SISAINIP PISBIIOIP
pey sjer 4 " Uey) }[eqOd 0} JATISUIS QIOUWI AIOM SJeI ]\

‘uoyewrenbsap 190 [eroyido pue uoIeI0IXd
10Ae] [erjoyyido [enaed pamoys joen) A103e11dSo1 O} JO SUONIIS [[B
1SOW[Y SONIAED [BSEU dU} JO SQUBIQUIDW SNOONW Oy} UT PIAISSQO

sem S[[99 39[q03 Jo Auenb pasearour uy “eroyyido snosueno
oy ur paA1dsqo a1am Aydone jo souereadde oy pue AydonsAp
snoodeurd)old ‘ouw ¢ 10y "POINPAI AIOM SOUBIQUISW SNOIN
10€1) A107e11dSQI OU) JO SOIIIATIOR QWAZUY XLIJEW SNOJINWNS
9} JO NSSI} SAT}OOUUOD I} JO BWOPI PUB “BUIIPS JB[N[[INUI
‘s[109 [erjoypido snosueind Jo Surfjoms ‘(S[ossoA poojq

JO SSoU[NJ pUE UOHLIB[IP) SOUBQINISIP AIOJB[NOIIO PIMOYS S)Bl
‘a1nsodxa Jo owr 7 Joye ‘AT[eUORIPPY '€ PUB | OW I3} PILINIO0
AJITIQBITOXS JB[NOSNUWIOINAU JO PIOYSIY) PIINPII B “OSOP MO] U}
1V "10MO[ 2I0M ANIADISUSS dueIquow pue Aouanboiy Suryyearg
"PIAIOSQO d10M SITUBYD PIssaIdxa a1ow 9sop Y31y oy Iy

potrad A19A0921

& 03 dn A[qauow paurwexd
‘our 10 ¢ 10§ w/Sw
I'17%'y PU® 60°0F81°0 “yut

du
Ayund ‘sjosoroe
1[eqO9 OI[eIoW

dnoi3 1od JG1 pue
NGST “d-u oFe ‘oulqre ‘syey

(OERLEREIEN |

SHUIWIUO))/SINSIY

POLId UONBAIISqQ puUeB
‘aonean( ‘dso( ‘dInoy

Lrmg pue
ULIO [BdTUIdY))

(UIAED JI) S[eITUY
JO X3¢ pue “rR_qunN
93y pue ‘ure.nq ‘saradsg

2007/20

(panunuo)) isn( 3[eqo) 03 dInsodx 7 dIUOIYIGNS PUE ULI-}I0YS °€ dqe ]

[#-8+-0t v L] 3sn( 31Eq0)) 10) Arewrmng [ed130[0IX0,




€l

(1861 “Te 10 uopuIdH
Aq payd 16661) ey

“POAIOSQO DIOM SUOISO] JSNP PIQLIOSWINDIIO UL
pue spLna[d 9ANRINI[QO ‘PIAIAINS SJBT 0M]) “DSOP YIIY oY} 1y
*sdnoIg osop-prw pue -Mo[ 9y} JO YOBd Ul PAIp [BWIUE U0 INq [[V

uoneNSIuIIpe

I101e sAep ()9¢ 01 dn
PIAISSqO {(Jow G8°() pue
‘TH0 °L1°0) Sw oG pue ‘Sz
‘01 Jo suonoafur o[3urs <31

‘d'u Kyund
snp [ejoul J[eqod

(asop/9=u) s31d eoumnn

(1861 “Te 30 uopuIdH £q
PaId 1q666 1) s1odayog

'sSun| 9y} Ul POLINOO0 UONEN[IJUI JB[N[[9I0IqL} [ENUD dSNIJI(]

uoneNSIuUIpe

Ioye ow 7] je

PaAIaSqo {(jow 6§°() Fw
06 Jo uonoafur 9[3urs <31

du
Kyund ‘soronred
1[eqO0 TejoU

syeyq

(L961) unjdey

[1snp 31eqos (wdd (¢g) w/Sw oo Surfeyur syex ut pue dnoid
9SOP-MO[ AU} UI POAIISQO 2IoM SOSUEBYO JOUNISIP SSI] Inq Je[TwIs]

‘AydonsAp Iejnueid pey Asupny 9y Jo sajnqny xo[dwoo
oY) pue ‘s[[99 JO s1s0109u pue AydonsAp Ajye} 9ynoe pey| JOAI]

"PIAISSqO d10M eruowndud 9rX0} JAISUSIXS pue ewops Areuownd

‘dnoi3 osop-yS1y oy} U] "PIAIISQO AIIM S[ISSIA POO[q puE
TYOUO0Iq JBIPOULISIUT PUE [[BWS OY) U ONSSI} ATOIUUOD ) UI
AydoniadAy pue 10A1] oy} ur sa3ueyd Aj3e} ‘ow § 1o po[[Iy Siel
U] °s9}A003N9] SNOJOWNU PUE JJBPNXD YIM PI[[IJ Sem U] Y],
*S[[99 [eOLIPUI[AD JO WnI[OY}Idd ue Yym paul] pue 100F dSruowndud
[IIM POPUNOLINS USYO ‘SUOIBULIO) IYI[-PUB[S PUNol pey s[ewiuy
“pa1mnoo0 ‘syiydoursod awos pue sajkooydwA] Aq uonenyyur
OAISSEU YJIM ‘TYOUO0Iq QJBIPOULISIUT PUE [[BWS Y} JO FuI[[oms
pue eydos 1e[09ATe oY) JO soLre[[ideo oy} JO uonSoFu0d AIIADS
1eqoo Sw G YN\ SABP ¢-7 I9)E Sjel [[e JO Y)edp dy} pasned
9sop Y31y oy} [IYM “S}el JWOS JO YIedP I} PISNED 9SOP pIui Ay,

uoneNSIUIUIpPE 19}

owr § 10 ‘9 ‘4 I0J POAISSQO
‘uonnjos [esr3ojorsAyd

ur (Jow £1°0 ‘80°0
‘S0°0) 3w o1 pue g °¢ 11’1

du

Anmd ‘1opmod
1[eqO9 OI[EIoW
Jo uorsuadsns

syey

(OERLEREIEN |

SHUIWIUO))/SINSIY

POLId UONBAIISqQ puUeB
‘aonean( ‘dso( ‘dInoy

Lrmg pue
ULIO [BdTUIdY))

(UIATD) J) S[ewIuy
JO X3¢ pue “rR_qunN
93y pue ‘ure.nq ‘saradsg

2007/20

(panunuo)) isn( 3[eqo) 03 dInsodx 7 dIUOIYIGNS PUE ULI-}I0YS °€ dqe ]

[#-8+-0t v L] 3sn( 31Eq0)) 10) Arewrmng [ed130[0IX0,




14!

(nsqe 0661) ‘e 10 ©1so)

‘ud3s os[e a1om sageydoroewu AwWeo  JUIUOD

VNJ 0} ,A9reuonzodoidsip,, pesearour urdjold pue sjySrom uny
AIp pue 1oM ‘S)snp Yjoq YA\ "OUOJE }[BQOD Y}IM Jey) Uey) 1jeId
o10M SUTUSNOIY} [ENIISINUI 9)LIOPOW-0)-P[IW PUL UOIJBUIIR[JUI
Kemare-pud ‘0)-DM YHA\ unse[d pue aurjoidAxoipAy

Ul $9sea10Ul [TewS paonpoid 0)-JA\ PUE 3[BQOD )Oq ‘TOAIMOY
‘punoj 219m uonoUNy Junj Uo S)0YJ JUBOIUSIS ON "dINsodxd
19} pue JnoysnoIy} ures JYIom [BULIOU B POMOYS S[BWIUY

amsodxa [eury Joye

SAep 9 Je POAIISqO M

€1 10y yym/skep ¢ Aep/y

9 10y uyOM Sw G 10
(wdd 4() ivive) 3w | uo
paseq 21om saInsodxa ‘yur

du
sonund ‘0D-OM
pue Isnp 31eqod

dnoi3/ Nz
PIO-AM-QT~ ‘p¢-g ‘sied

»2AMIXIPY dP1GAD)) UIISSUNI-IIDGO)) pUD 12PMOJ 3}IPq0.) 2ind fo Ad1xo ] Sun Jo saipms aaynivduio)

(SL61) Tew
10031 ((€L6T) 100313

‘S}SB[qOIqQIJ PUE ‘ONSST}

o1ISe[d ‘USSE[00 UM PIUNIIY) APuedIUSIS 010M ©1dOS JB[OSATY
"o1jel UINQO[3/urnge oy} Jo UOISIOAUI Pue J. pue surnqoj3-A
pue ‘-g ‘-0 ur sasearour a1om Ay, ‘(AyredoLworpres Jo

SOSEO UI 950U} Y3IM d[qnedwios a1om sonjea HIF) sonIewIouqe
uoneziie[odal pue UOIOBIUO0D JE[NOINUIA PIUINEIM PRy S[eWIUy

*S[OAQ] [O1JUOD 0) POUINIAI

S[ewrue 3s9) 10J sanjea douerjdwos ‘ernsodxdsod ow 7 pue

11V “(1¢0em wo/ wd §'6 1) 9s0p Y3y oyp 03 (197eMm wWo/ wd ¢°¢7)
9SOp MO[ 31} 0} (I3)eM WD/ WD G'G¢) [01U0d woly AjpArssardord
pasea109p douerdwos Sunj suny oy ur juowreduw feuorouny

® Pey| S[eWIUE SO "9Insodxd Jo pud oy [run 0S pourewal

PUE [EULIOU 0) POUINIQI SIOQUUNU ) ‘IOJE] M € {SIUNOJ [[9d
Poo[q Ay pue pal pasearour pey dnoid asop-ysiy oy ‘ornsodxd
JO M €1V OISIRYIO Q1M S[RWIIUE 1S9) B ‘0Insodxo Jo jym

¥ 109V Su1zodym padojorsp sjewrue awos ‘ornsodxd Juumq

amsodxd

I10)3e ow [= porrad
UoneAISSqoO 2Insodxd

Jo owr ¢ uay) pue porrad
osdef Aep-(| ® £q pamo[[o}
‘(osop 3u1znIsuas)

M [ J0J JYM/SAep

¢ Aepyy 9 10§ (wdd 0
-£0°0) [w/Sur ' [-1°0 ‘yur

‘d'u Kyund
‘1opmod [ejowr
J1eqod ,oind,,

(esop/g=u)
QUIMS dINJBTUTIAI

(OERLEREIEN |

SHUIWIUO))/SINSIY

POLId UONBAIISqQ puUeB
‘aonean( ‘dso( ‘dInoy

Lrmg pue
ULIO [BdTUIdY))

(UIAED JI) S[eITUY
JO X3¢ pue “rR_qunN
93y pue ‘ure.nq ‘saradsg

2007/20

(panunuo)) isn( 3[eqo) 03 dInsodx 7 dIUOIYIGNS PUE ULI-}I0YS °€ dqe ]

[#-8+-0t v L] 3sn( 31Eq0)) 10) Arewrmng [ed130[0IX0,




SI

(2661) & 10 san3reyse|

"$1091J0

JUBOIIIUSIS OU PRy JUOJE }[BQOD SBIAIYM ‘UOT)BIUIOUOD UINg[e
pue ‘41, ‘Aianoe {1 ‘stequnu [rydonnou pue a3eydoroeur

Ul S9SBAIOUT POYILW POONPUL OS[e 0)-DA\ "SIONp IBJOdA[R

Jo urS1I0 oy} Je PALINOd0 uoneIofIjod JB[N[[9d puL SIIJOJATE
QATIEPNXD JO SIS PAI0NEs pey sSunj yrog "0)-DM USAIS

asoy 03 paredwoo asuodsar A10jeUIR[FUI 9JEIOPOW PIMOYS
quo[e J]eqoo UAAIS syey "ersejdiodAy proydwA| pey sopou ydwA|
[eIyoU0Iq PUe [EOYORL], "POPEIE dI9M BI[aY3Ido Jejoryouoiq

PUE [eIYOUO0Iq SWOS pue ‘1o[onu judurwold pue aSre[ yim
soSeydoIoew pejejonoeA pue pagIe[ud pey s[[em IB[OOA[E PUE
Iejoryouorg soponted yym poqy sjiydonnou pue saFeydoroewr
PEY [JOSA[E QU] "POLINOJ0 SHIJOIA[R SNOJBUIOPS PIZI[eIouds YHm
UO013oB0I AJOJEWIUR[JUL SNIJIP PUE 9INOE UB ‘0)-IA\ USAILS s)el uf

-dnoi3 31eqoo oy ur ueyy Joy3iy Apueoryiudis a1om dnois o)
-DM 9y} uI sasearoul {[(oAnre[a1) mq 33w ¢°G pue (9Injosqe) Fw
L¥11] (surges) sjonuos 03 paredwod sjy3rom Sunj (A[oanoadsar
‘mq 8/3w (' 11 pue §'9) oAne[al pue (A]0Aoadsal ‘0)-) M\ pue
Q09 10J SW ()] ZZ PUB ST ]) 9IN[OSQR UT SISLIIOUT JUBIIJTUSIS
pey sdnoi3 yyog “(S[LISou pue yInow oy} wolj 93IeyosIp

pInyj pue ‘sisouekd ‘Gurdsed) ewopa Areuownd dAIssew
poouariadxs dnoi3 101e] oy Ul sjel ‘Yyeap 0} ol A[oAnoadsar
‘0D-DM pue 19pmod [ejoul 3eqod 10§ %09 PUL )7 Sem
Ayperiow ‘sasop Y31y oY) Jo UOHE[[ISUT SUIMOI[O] [ T UNIAL

4

Aep uo pa[I S[eWIUE (0D
-DM Jo uorsuadsns (smq
8001/00 8w 0’1 pue ‘90°0
‘€0°0 01 Surpuodsa1100)
Mq 3 001/Sw

L99T PUE ‘0°'T ‘0S°0

10 J18qO9 JO uoisuadsns
Mq (/0w 0L 01 ‘I°S)
8001/3w T pue ‘900
€0°0 Jo sasop o[3urs 31

“d'u &yund 91eqoo
%9 Surureluod
00-DM

aand 9%/8°66
‘1opmod [ejowr
[8qO9 JUI} BNX

dnoi3 asop/01 ‘pro-owr
-¢ 03 -7 ‘Aoyme(q-on3deidg
‘(renqreqojuad wnrpos
YIM PIZNAYISAUR) S1BY

(OERLEREIEN |

SHUIWIUO))/SINSIY

POLId UONBAIISqQ puUeB
‘aonean( ‘dso( ‘dInoy

Lrmg pue
ULIO [BdTUIdY))

(UIAED JI) S[eITUY
JO X3¢ pue “rR_qunN
93y pue ‘ure.nq ‘saradsg

2007/20

(panunuo)) isn( 3[eqo) 03 dInsodx 7 dIUOIYIGNS PUE ULI-}I0YS °€ dqe ]

[#-8+-0t v L] 3sn( 31Eq0)) 10) Arewrmng [ed130[0IX0,




91

(S)joom = MM {QINIXIW }[8qOI-3p1qIed

u9)s3un) = 0)-DM ‘surjoid [8101 = d 1, {MO[ ‘UOIBIIUAIUOD 91X0) = °1H | ‘pap1aoid jou = “d'u ‘aseprurwesoon|3-7-¢g-[A109e-N = DYN Joqunu = u (s)jpuowt
= owl {(s)9[ew = JA ‘@seuadoIpAyop ae1oe] = HA'T ‘(A])[eayoenenul = 1’1 ‘Uone[eyul = qui (s)Inoy = Y {(s)orewd) = J YIom Apoq = mq :SUOIBIAIQQY
‘s1ojowrered pauTWEXd O} UO 109JJ9 OU pey )1 ‘A[[BIdUSL) 219y PoIuasald jou dIe ejep (pajso) os[e sem Iopmod 9pIqIed ud)sSumny,

(S661) ‘T8 12 sengieyse|

"U09s 910m wMdas IB[OSATE

-exjur oy} Jo Juruayory 3yS1[s pue sodeydoroew £q posned
soSueyo PozZI[edo] Pue oIkl 9Jeqod YA UISE[[0d PIsSeaIoul
puE ‘SAemIre [BUIULID) PUNOJE PUE JO uswn| Ay} ur sajonted
Joe[q ‘S[[90 OY1]-}se[qoIqLy owos ‘sofeydoroewr Sururejuod seale
o1)01q1J OpIMm 03IB] PIMOYS S[BWIUY "dUO[e }[eqod UaAI3 sdnoid
pue S[013U09 0} paredwod punoy sem JudIuOd dUI[0IdAXOIPAY

Ul 9SBQIOUl JUBOIIUSIS B 0)-DM YHAL UOJS d1oM

‘ured JyJrom Apoq ur uononpai JySI[s € 3dooxa ‘s109JJo Ix0) ON

uonensuIpe

jse] 10)je owt | 03 dn
PIAISSqO ‘0ol 10 OW/X |
0D-DM Jo uorsuodsns

Mq 3 01/3w '] 10 3[eq00
Jo uorsuadsns mq (3/jowu
01)8001/3w 900 11

“d'u &und 91eqoo
2, €9 SurureIuod
00-DM

tornd %/.8°66
‘1opmod [ejowr
[8qO9 JUIJ BIXD

asop/ IS ‘Aorme(
-ongeidg ‘(wioudAyg

M POZIAYISAUR) SIBY

($661) T8 10 sondieyse|

"po1oayJe AppueolyIugis

jou 0JoM SIo)owWeIed JeIN[[90 PUE S[IAS] UTWING[E PUE ],
"pasearour ApuedyIuSis o1om HYN pue AT 9sop ySiy oy yym
pue ‘paseaour APPuedIuSIS sem DN ‘9S0p PIw oy} Yim ‘g7 Aep
uQ ‘udds osfe aram sajkooydwL pue ‘syrydonnou ‘soFeydoroewr
‘Ioquunu [[95 [10} Ul SOSLIOUT JueoljTuSIS “(uIfes) S[onuod

0} pa1edwod UONENSIUTWPE IOE [ {7 PIAIISGO 9I0M UTWNg[e
pue ‘g1 ‘HQ'T Ul $asea10ul JYSI[S )[eq0d JO S0P YSIY ) YITA

‘g7 pue | sAep U0 pa1mooo sAjAooydwA]

pue ‘spiydonnou ‘soSeydoroew ‘Ioquunu [[99 [€)0) UT SOSEaIoUl
yuopuadop-osop pue JuedIuUSIS "POseaIour A[PadIe sem
AjIAn0R DN UBOW AJUO ‘9SOP MO[ J[} J© {SI0edIPUI [OTWAYI0Iq
9SBOIOUI 0 PANUNUOD SISOP YSIY pue pru Y ‘g7 Aep

uQ “Iouuew Juopuddop-osop € Ul Y {7 Je pIsedIoul AjjuedyyIugis

a1oM S[OAJ] UINq[e pue ‘DVN ‘dL ‘HA'T UBW ‘0D)-DM UM

UONRISIUIWIPE Io}Je SAep
87 03 dn paAI3sqo ‘0D
-DM\ Jo uorsuadsns mq 3
001/3W '01 PUe ‘0°G ‘0'1
10 118q09 Jo uorsuadsns
Mq (S/10wu 0 pue 0§
‘01) 8 001/3w 9°0 pue ‘¢’0
‘900 Jo sasop 9[3uls 31

“d'u &yund 91eqod
%¢€°9 Surureluod
00-DM

oand 9%/8°66
‘1opmod [ejowr
[8qO9 JUI} BNXD

9sop/48 ‘Aoyme(-anderdg
‘(renqreqojuad wnrpos
M PIZNAYISAUR) Sjey

(OERLEREIEN |

SHUIWIUO))/SINSIY

POLId UONBAIISqQ puUeB
‘aonean( ‘dso( ‘dInoy

Lrmg pue
ULIO [BdTUIdY))

(UIAED JI) S[eITUY
JO X3¢ pue “rR_qunN
93y pue ‘ure.nq ‘saradsg

2007/20

(panunuo)) isn( 3[eqo) 03 dInsodx 7 dIUOIYIGNS PUE ULI-}I0YS °€ dqe ]

[#-8+-0t v L] 3sn( 31Eq0)) 10) Arewrmng [ed130[0IX0,




Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

pathomorphological changes in several organs and tissues (e.g., liver and thyroid) were observed
(Popov, 1976, 1977 [both cited by Herndon et al., 1981], 1977b; Popov et al., 1977). Inhalation
of the powder (0.48 and 4.4 mg/m’ [0.20 and 1.8 ppm] for 4 months) also affected mucosal
tissue (Georgiadi, 1978; Georgiadi and Elkind, 1978 [both cited by Herndon et al., 1981];
Georgiadi and Ivanov, 1984). At 200 mg/m’ (83.0 ppm), damages occurred in the vascular
system, respiratory system, and in kidneys (RTECS, 2000). A single i.t. injection of cobalt (3, 5,
10, and 50 mg [0.05, 0.08, 0.17, and 0.85 mmol]) caused changes in the lungs of rats (Kaplun,
1967; Schepers, 1955b [cited by Herndon et al., 1981]).

In guinea pigs, i.t. administration of cobalt dust (50 mg [0.85 mmol]) resulted in obliterative
pleuritis and firm dust lesions (Delahant, 1955; cited by Herndon et al., 1981). Miniature swine
exposed to cobalt powder (0.1-1.0 mg/m’ [0.04-0.4 ppm] 6 hours/day 5 days/week for 3 months)
became lethargic after one month and exhibited a functional impairment in the lungs, weakened
ventricular contraction, and repolarization abnormalities. Alveolar septa were significantly
thickened with collagen, elastic tissue, and fibroblasts (Kerfoot, 1973; Kerfoot et al., 1975).

WC-Co was found to be more toxic to the lung than cobalt alone (Lasfargues et al., 1992). In a
study of the delayed lung effects of pure cobalt powder and hard metal powder, a single i.t.
instillation of WC-Co (1, 5, or 10 mg/100 g [0.02, 0.08, or 0.17 mmol/g] body weight) induced
an acute alveolitis, which persisted for a month, while cobalt alone (0.6 mg/100 g [0.1 pmol/g]
body weight) produced only slight effects. Repeated administration of cobalt (0.06 mg/100 g
[0.01 umol/g] body weight 4x) failed to produce any significant parenchymal changes, but WC-
Co (1 mg/100 g [0.2 pmol/g] body weight 4x) induced a pulmonary fibrosis reaction; this was
different from the progressive inflammatory process induced by crystalline silica (Lasfargues et
al., 1995).

9.1.5 Chronic Exposure
No data were available (other than carcinogenicity studies described in Section 9.3).

9.1.6 Synergistic/Antagonistic Effects

In an in vitro assay, titanium carbide, niobium carbide, and chromium carbide exerted a
synergistic effect with cobalt powder on mouse peritoneal macrophage integrity (i.e., increased
LDH release) (Lison and Lauwerys, 1995). Cobalt has been observed in both in vivo and in vitro
studies to act synergistically with antibiotics (Pratt et al., 1948; cited by Grimsley, 2001).

9.1.7 Cytotoxicity
Details of the following studies, except where noted, are presented in Table 4.

In mouse peritoneal macrophages and rat alveolar macrophages, WC-Co (12-200 pg/mL) had a
greater toxic effect than cobalt metal powder alone (0.6-12 pg/mL [10 uM-0.20 mM]); for
example, glucose uptake and superoxide anion production were both more significantly reduced
by WC-Co than by the metal (Lison and Lauwerys, 1991). The cellular uptake of cobalt was
greater with WC-Co in macrophages than with cobalt alone (Lison and Lauwerys, 1994).
Enhanced cellular cobalt uptake was also observed with the addition of niobium carbide,
titanium carbide, or silicon carbide to cobalt particles; uptake was increased by a factor of 4, 6,
and 7, respectively (study details are not provided here) (Lison and Lauwerys, 1995). Cobalt
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Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

powder and WC-Co (both at 3 pg Co/mL [0.05 mM]) did not stimulate the production of
interleukin-1 (IL-1), tumor necrosis factor-o. (TNF-a), or fibronectin by rat alveolar
macrophages (Huaux et al., 1995).

In an in vivo assay with rats, WC-Co (0.06 mg Co/100 g [0.01 pmol/g] body weight) showed
greater toxicity than cobalt alone (same dose). Significant increases in bronchoalveolar lavage
fluid (BALF) parameters (e.g., LDH activity) and the cellularity of BALF (e.g., increased
number of macrophages) occurred with WC-Co. In lung phagocytes, WC-Co and cobalt both
significantly stimulated cystatin-c production (Huaux et al., 1995).

In chick primary cultures and rodent fibroblast cell lines, cobalt released from cobalt metal,
alloys or dissolved salts was cytotoxic at concentrations >7.5 pg/mL (0.13 mM); cell death,
growth inhibition, and mitotic aberrations were observed (study details were not provided in
review) (Heath, 1954b; Daniel et al., 1963; Bearden, 1976; Bearden and Cooke, 1980; Takahashi
and Koshi, 1981; all cited by IARC, 1991).

9.2  Reproductive and Teratological Effects

In test animals (species not provided) exposed to cobalt by inhalation (dose and exposure
duration not provided), adverse effects included testicular atrophy, decreased sperm motility, and
an increased length of the estrus cycle. Oral exposure to the metal at levels causing maternal
toxicity produced stunted growth and decreased survival of newborn pups (Cal-ARB, 1997).

9.3  Carcinogenicity
The details of the following studies are presented in Table 5.

In rats, single or repeated intramuscular or intrathoracic injections of cobalt metal powder (28
mg [0.48 mmol]) produced tumors at the injection site, mostly rhabdomyosarcomas (Heath,
1954, 1956; Heath and Daniel, 1962 [all cited by Jensen and Tiichsen, 1990 and IARC, 1991]).
One male rat had leukocyte infiltration, muscle fiber necrosis and regeneration, and a tumor
nodule (Heath, 1960; cited by IARC, 1991). In rats, rabbits, and miniature swine, no tumors
were observed for exposure via inhalation (up to 1.5 mg/m’ [0.62 ppm] in rabbits and swine; 200
mg/m’ [83.0 ppm] in rats) and i.t. (2.5-50 mg [0.042-0.85 mmol]) and intrarenal (5 mg [0.08
mmol]) injections; observation periods were up to one year (Kaplun, 1957; Delahant, 1955;
Schepers, 1955b; Stokinger and Wagner, 1958 [all cited by Herndon et al., 1981]; Jasmin and
Riopelle, 1976 [cited by IARC, 1991]; Kerfoot, 1973).

In rats, cobalt metal powder has also produced tumors in the thyroid gland, as well as the
injection site (Weaver et al., 1956; cited by Léonard and Lauwerys, 1990). In rabbits, injection
of cobalt dust produced transplantable liposarcomas and hyperplasia of adipose tissue (Thomas
and Thiery, 1953; cited by Léonard and Lauwerys, 1990). [Study details were not provided.]

9.4 Initiation/Promotion Studies
No data were available.

9.5  Anticarcinogenicity
No data were available.
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9.6  Genotoxicity

Incubation of human peripheral lymphocytes with cobalt (0.06-6.0 pg/mL [1.0 uM-0.10 mM) or
WC-Co (10-100 pg/mL) caused a time- and dose-dependent increase in the production of DNA
single strand breaks. On the basis of an equivalent cobalt content, WC-Co had a more significant
effect than cobalt alone. Addition of sodium formate (1 M) had a protective effect against the
production of the breaks with both powders (Anard et al., 1997).

9.7  Cogenotoxicity
No data were available.

9.8  Antigenotoxicity
No data were available.

9.9 Immunotoxicity

In skin tests, there were no allergic reactions in groups exposed to cobalt. In blood chemistry
studies, there was an increase in a-, 3-, and y-globulins over those of controls; a net increase in
total protein in groups exposed; and inversion of the albumin/globulin ratio. These changes may
be read as early indicators of lung cell damage (Kerfoot et al., 1975).

9.10 Other Data

9.10.1 Miscellaneous Studies

In rats exposed for four months to metallic cobalt dust (dose not provided), blood pressure was
reduced by 20-25%, beginning with the third month of the experiment. In a separate test (study
details not provided), significant prolongation of extensor chronaxie and a significant but smaller
increase in flexor chronaxie were observed at the second month of exposure in the animals. In
addition, the rheobase increased but not significantly. The findings were indicative of changes in
the central nervous system. Microscopically, severe hyperemia was found in interalveolar blood
vessels, in kidney tubules, and in all internal organs, with dilatation of veins and capillaries. The
walls of the small and intermediate blood vessels were swollen and filled with plasma and had
hyperplastic endothelium. The liver was severely congested with dilatation of the lobular veins
and capillaries (Kaplun, 1967).

In cultured rat myoblasts, cobalt metal powder in horse serum produced cytological changes
resembling those found in cobalt-induced rhabdomyosarcomas in vivo (Costa, 1979; cited by
Herndon et al., 1981).

9.10.2 Hard Metal Disease and Cobalt-Tungsten Carbide

Numerous reviews and original studies on cobalt-induced occupational disease (especially hard
metal disease) are available. Many of these also included copious epidemiological studies on
workers exposed to cobalt-containing dust (e.g., [ARC, 1991; ATSDR, 2001 [reviews]; Demedts
et al., 1984 [diamond polishers]; Ferdenzi et al., 1994 [powder sintering industry]). Studies on
hard metal exposure are especially plentiful (e.g., Chiappino, 1994; Linnainmaa et al., 1996).
(See also Section 13.0.)

This section briefly summarizes toxicology data for mixtures containing WC, alone and in
combination with cobalt (WC-Co).
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Human Data

Exposure and Pharmacokinetics: The NIOSH recommended occupational exposure level to dust
of cemented WC containing >2% cobalt is 0.1 mg Co/m’ as a TWA for up to a ten-hour shift in a
40-hour week (NIOSH, 1977). Mean cobalt levels in urine were reported as follows: 9.6 pg/L
for workers producing presintered WC (Sunday sampling), 11.7 ng/L for those using hard metal
(Sunday sampling), and 36-63 pg/L for those producing hard metal (Monday and Friday
sampling, respectively). In serum, the following cobalt concentrations were observed: 2.1 pg/L
for individuals grinding hard metal, 3.3-18.7 pg/L for producing hard metal tools, and 2.0-18.3
pg/L for producing hard metal (Seiler et al., 1988; cited by HSDB, 2001). Cobalt concentrations
ranged from 100 to 1000 pg/kg in two lung tissue samples from hard metal workers with lung
disease; a level of 5 pg/kg wet weight was found in controls. In mediastinal lymph nodes, the
concentration of cobalt was 3280 pg/kg in exposed workers versus >2 pg/kg in controls
(Hillerdal and Hartung, 1983; cited by IARC, 1991). In workers in two plants producing
diamond segments and sintered wires for stone cutting, the highest cobalt exposures were found
during mixing and granulation of cobalt powders. Environmental cobalt concentrations were
~50 pg/m’ in one plant and as high as 8000 pg Co/m’ in the second plant. Cobalt in urine was
found to increase rapidly in the hours after exposure, reaching a peak at about two to four hours
after exposure, and then decreased during the following days. The diphasic pattern was
independent of the degree of cobalt exposure (Apostoli et al., 1994).

Toxic Effects: The major effects in hard metal workers exposed to cobalt-containing dust are
pulmonary effects. Interstitial fibrosis (hard-metal pneumoconiosis) and occupational asthma are
the two types of lung lesions that occur (Demedts and Ceuppens, 1989; cited by IARC, 1991).
Hard-metal pneumoconiosis occurs after several years of exposure to the dust at concentrations
of 0.1 to 2 mg/m’ (IARC, 1991). Advanced fibrosis and desquamative interstitial pneumonia of
the giant-cell type are common findings (Coates and Watson, 1971; Anttila et al., 1986; both
cited by IARC, 1991). Alveolitis progressing to lung fibrosis has been reported in workers
exposed to a mixture of cobalt and WC in the hard metal industry (Lasfargues et al., 1992, 1995).
Twelve workers involved in the manufacture of or grinding with WC tools developed interstitial
lung disease; eight of these died. Serial chest roentgenograms showed gradually progressive
densities involving major portions of both lungs. Obstructive lung disease, which usually
improves after cessation of exposure, is considered to be an allergic response (Sjogren et al.,
1980; cited by IARC, 1991).

Workers in hard-metal plants have been found to possess increased morbidity and mortality from
cardiovascular disease (IARC, 1991). A study of cardiac function in workers with hard metal
disease (average exposure: 10.4 years; environmental cobalt levels: 0.009-13.6 mg/m’)
suggested that cardiomyopathy might have been induced (D'Adda et al., 1994). Dyspnea,
heaving breathing, and tightness of the chest were more common in workers exposed to cobalt!’
containing dusts at concentrations of 0.01-0.06 mg/m’ compared to controls; no pulmonary
dysfunction was found (Alexandersson and Atterhdg, 1980; cited by IARC, 1991). Among
workers (n=3163) exposed to cobalt-containing dusts at levels ranging from 0.001 to 11 mg/m’
for at least one year, those exposed for at least ten years had an excess of deaths from ischemic
heart disease (standardized mortality ratio [SMR], 169; 95% confidence interval [CI], 96-275)
for at least ten years (Hogstedt and Alexandersson, 1990; cited by IARC, 1991).
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A significant amount of conjunctivitis has also been observed in the WC industry; however,
workers in the cemented WC industry did not experience eye irritation to cobalt at <1 mg/m’.
Cobalt and its compounds can also induce an allergic dermatitis of an erythematous papular type,
occurring in skin areas subjected to friction, such as the ankles and sides of the neck (NIOSH,
1978).

Other Data: A study of memory functioning found that adult WC workers with hard metal
disease had memory deficits related to difficulties in attention and verbal memory (Jordan et al.,
1990; cited by Grimsley, 2001). In workers (8 males, 18 females; mean age of 34.2 years)
occupationally exposed to cobalt dusts in hard metal manufacturing factories for an average of
3.5 years (median 8-hour TWA air concentration of 83 pg/m’ cobalt dusts), a significant
correlation between early markers of kidney dysfunction and the intensity or duration of
exposure to cobalt was not seen, suggesting that the kidney is not a target organ during such
occupational exposure (Franchini et al., 1994). Hard metal disease has been strongly associated
with residue glutamate 69 of the HLA-DPp chain (Potolicchio et al., 1997).

Animal Studies

Short-term or Subchronic Studies: Rats intratracheally administered mixtures (10, 15, 25, and 50
mg) of an 8% cobalt and 92% tungsten (BKs), 15% cobalt and 85% tungsten (BK;s), and 8%
cobalt, 14% titanium, and 78% tungsten (T1;4K3) all died at the high dose of all forms. In the
lungs, interalveolar septa were significantly thickened and coalesced in some sectors. Lumina
had numerous amounts of secretion and dust. The liver had marked hyperemia and
granulonodular degeneration of liver cells. The kidneys had granulomatous degeneration of the
cells of the convoluted and descending tubules and stagnation in the glomeruli and tubules.
Similar effects were seen at the lower doses (Kaplun and Mezentseva, 1967).

In guinea pigs, repeated inhalation of a mixture of cobalt (25%) and WC (75%) produced acute
pneumonitis, which then rapidly led to death (NIOSH, 1978).

Cytotoxicity: In rat alveolar epithelial type II cells (AT-II), doses of pure cobalt and WC-Co that
induced 50% cell death (TDs values per 10° cells) were 672 and 101 pg, respectively. In
comparison, the values were 18 and 5 pg, respectively, in rat alveolar macrophages. In human
AT-II, no toxicity was observed. Therefore, rat AT-II were more sensitive to cobalt than
macrophages, and human AT-II were less sensitive to cobalt than rat alveolar macrophages.
Furthermore, the toxicity of cobalt was increased with WC (Roesems et al., 1997).

In human osteosarcoma (HOS) cells, a pure mixture of tungsten (92%), nickel (5%), and cobalt
(3%) particles (r-WNiCo) as well as cobalt powder alone (both at concentrations from 0.75-200
pg/mL) had a dose-dependent decrease in cell survival during a 24-hour incubation period
(Miller et al., 2001). (See study also under Genotoxicity.)

Carcinogenicity: Rats exposed to repeated inhalation of a cobalt metal blend used by the

cemented carbide industry (20 mg/m’ [8.3 ppm] cobalt for three years) had hyperplasia of the
bronchial epithelium and focal fibrotic lesions of the lungs with developing granulomata. An
experiment in which the animals were exposed daily to cobalt metal fume of cobalt oxide and
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cobaltic-cobaltous oxide (almost equal parts) via inhalation produced no such reactions (NIOSH,
1978).

10.0 Structure-Activity Relationships

ATSDR (2001) and NTP (1998) reported on the toxicity and/or carcinogenicity of cobalt sulfate
heptahydrate, cobalt oxide, cobalt hydrocarbonyl, and cobalt chloride (soluble) in inhalation
studies of rats, rabbits, and hamsters.

NTP (1998) evaluated the toxicity and carcinogenicity of cobalt sulfate heptahydrate in two-year
inhalation studies using mice and rats. Rats and mice were exposed to aerosols containing 0, 0.3,
1.0, or 3.0 mg/m’ cobalt sulfate heptahydrate six hours per day, five days per week, for 105
weeks. The following conclusions were reached:

....[T]here was some evidence of carcinogenic activity of cobalt sulfate heptahydrate in male F344/N rats
based on increased incidences of alveolar/bronchiolar neoplasms. Marginal increases in incidences of
pheochromocytomas of the adrenal medulla may have been related to exposure to cobalt sulfate heptal
hydrate. There was clear evidence of carcinogenic activity in female F344/N rats based on increased
incidences of alveolar/bronchiolar neoplasms and pheochromocytomas of the adrenal medulla in groups
exposed to cobalt sulfate heptahydrate. There was clear evidence of carcinogenic activity of cobalt sulfate
heptahydrate in male and female B6C3F1 mice based on increased incidences of alveolar/bronchiolar
neoplasms.

Exposure to cobalt sulfate heptahydrate caused a spectrum of inflammatory, fibrotic, and proliferative
lesions in the respiratory tract of male and female rats and mice.

Similarly, cobalt oxide inhaled by hamsters (7.9 mg/m’) caused emphysema (Wehner et al.,
1977; cited by ATSDR, 2001), and cobalt hydrocarbonyl (9 mg/m®) inhaled by rats caused lung
inflammation (Palmes et al., 1959; cited by ATSDR, 2001). Cobalt chloride inhaled by rabbits
(0.6 mg/m’) caused histologic alterations in pulmonary tissue and induced pulmonary
inflammatory changes (Johansson et al., 1992; cited by ATSDR, 2001).

11.0  Online Databases and Secondary References
11.1 Online Databases

In-House Databases

CPI Electronic Publishing Federal Databases on CD
Current Contents on Diskette®

The Merck Index, 1996, on CD-ROM

STN International Files

AGRICOLA CANCERLIT LIFESCI PROMT
BIOSIS CAPLUS MEDLINE Registry
CA EMBASE NIOSHTIC RTECS
CABA HSDB NTIS TOXLINE
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TOXLINE includes the following subfiles:

Toxicity Bibliography TOXBIB
International Labor Office CIS
Hazardous Materials Technical Center HMTC
Environmental Mutagen Information Center File EMIC
Environmental Teratology Information Center File (continued after ETIC
1989 by DART)

Toxicology Document and Data Depository NTIS
Toxicological Research Projects CRISP
NIOSHTIC” NIOSH
Pesticides Abstracts PESTAB
Poisonous Plants Bibliography PPBIB
Aneuploidy ANEUPL
Epidemiology Information System EPIDEM
Toxic Substances Control Act Test Submissions TSCATS
Toxicological Aspects of Environmental Health BIOSIS
International Pharmaceutical Abstracts IPA
Federal Research in Progress FEDRIP
Developmental and Reproductive Toxicology DART

11.2  Secondary References

Budavari, S., Ed. 1996. The Merck Index, 12" ed. Merck & Co., Inc., Whitehouse Station, NJ.

Donaldson, J.D. 1986. Cobalt and cobalt compounds. In: Gerhartz, W., Y.S. Yamamoto, F.T.
Campbell, R. Pfefferkorn, and J.F. Rounsaville, Eds. Ullmann's Encyclopedia of Industrial
Chemistry, 5™ completely revised ed. Vol. A7 (Chlorophenols to copper compounds). VCH ,
New York, NY, pp. 281-313.

Grimsley, L.F. 2001. Iron and cobalt. In: Bingham, E., B. Cohrssen, and C.H. Powell, Eds.
Patty's Toxicology, 5" ed. Vol. 3. John Wiley and Sons, Inc., New York, NY, pp. 169-193.

Herndon, B.L., R.A. Jacob, and J. McCann. 1981. Physiological effects. In: Smith, I.C., and
B.L. Carson, Eds. Trace Metals in the Environment. Ann Arbor Science Publishers, Inc., Ann
Arbor, M1, pp. 925-1140. (Produced for NIEHS under Contract No. NO1-ES-8-2153.)

Seiler, H.G., H. Sigel, and A. Sigel, Eds. 1988. Handbook on the Toxicity of Inorganic
Compounds. Marcel Dekker, Inc., New York, NY, pp. 258-259. Cited by HSDB (2001).

Smith, I.C., and B.L. Carson, Eds. 1981. Trace Metals in the Environment. Vol. 6—Cobalt.

Ann Arbor Science Publishers, Inc., Ann Arbor, MI, 1202 pp. (Produced for NIEHS under
Contract No. NO1-ES-8-2153.)

27



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

12.0 References

Alexandersson, R. 1988. Blood and urinary concentrations as estimators of cobalt exposure.
Arch. Environ. Health 43:299-303. Cited by IARC (1991) and ATSDR (2001).

Alexandersson, R., and J.-H. Atterhog. 1980. Studies on effects of exposure to cobalt. VII.
Heart effects of exposure to cobalt in the Swedish hard-metal industry (Swed.). Arbette Hilsa
9:1-21. Cited by IARC (1991).

Anard, D., M. Kirsch-Volders, A. Elhajouji, K. Balpaeme, and D. Lison. 1997. In vitro
genotoxic effects of hard metal particles assessed by alkaline single cell gel and elution assay.
Carcinogenesis 18(1):177-184.

Angerer, J., R. Heinrich, D. Szadkowski, and G. Lehnert. 1985. Occupational exposure to
cobalt powder and salts—Biological monitoring and health effects. In: Lekkas, T.D., Ed.
Proceedings of an International Conference on Heavy Metals in the Environment, Athens,
September 1985, Vol. 2, Commission of the European Communities, Luxembourg, pp. 11-13.
Cited by IARC (1991).

Anttila, S., S. Sutinen, M. Paananen, K.-E. Kreus, S.J. Sivonen, A. Grekula, and T. Alapieti.
1986. Hard metal lung disease: A clinical, histological, ultrastructural and X-ray
microanalytical study. Eur.J. Respir. Dis. 69:83-94. Cited by IARC (1991).

Apostoli, P., S. Porru, and L. Alessio. 1994. Urinary cobalt excretion in short time occupational
exposure to cobalt powders. Sci. Total Environ. 150(1-3):129-132.

ATSDR (Agency for Toxic Substances and Disease Registry). 2001. Draft Toxicological
Profile for Cobalt. U.S. Department of Health and Human Services, Public Health Service,
ATSDR, Atlanta, GA, 434 pp.

Barceloux, D.G. 1999. Cobalt. J. Toxicol. Clin. Toxicol. 37(2):201-206. Cited by ATSDR
(2001).

Bearden, L.J. 1976. The toxicity of two prosthetic metals (cobalt and nickel) to cultured
fibroblasts. Diss. Abstr. Int. B 37:1785-B. Abstract. Cited by IARC (1991).

Bearden, L.J., and F.W. Cooke. 1980. Growth inhibition of cultured fibroblasts by cobalt and
nickel. J. Biomed. Mater. Res. 14:289-309. Cited by IARC (1991).

Brakhnova, I.T. 1975. Toxic effect of refractory compounds and measures for preventing
occupational diseases among workers in powder metallurgy plants. In: Studies in Soviet
Science Environmental Hazards of Metals Toxicity of Powdered Metals and Metal Compounds.
Consultants Bureau, New York, NY, pp. 115-159 and 231-249. Cited by Herndon et al. (1981).

Brune, D., A. Kjaerheim, G. Paulsen, and H. Beltesbrekke. 1980. Pulmonary deposition
following inhalation of chromium-cobalt grinding dust in rats and distribution in other tissues.
Scand. J. Dent. Res. 88:543-551. Cited by IARC (1991).

28



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

Burstow, C. 2000. Cobalt—The changing emphasis—Supply, demand and price outlook for the
cobalt market. In: Proceedings of the Cobalt Conference, Tokyo, Japan, May 24-25, 2000,
Cobalt Development Institute, Guilford, United Kingdom, 10 pp. Cited by Shedd (2000).

Cal-ARB (California Air Resources Board). 1997. Cobalt compounds. Toxic air contaminant
identification list summaries—ARB/SSD/SES, September 1997, pp. 278-282. Internet address:
http://www.arb.ca.gov/toxics/tac/factshts/cobalt/pdf. Last accessed on July 2, 2001. [Note:
Sources were cited in this paper, but a printout of the Reference list was not made available;
therefore, only Cal-ARB was cited in this toxicological report.]

Carson, B. 1979. Environmental cobalt losses and assessment of health hazards to humans and
other life forms. In: Smith, I.C., and B.L. Carson, Eds. Trace Metals in the Environment. Ann
Arbor Science Publishers, Inc., Ann Arbor, ML, pp. 925-1140. (Produced for NIEHS under
Contract No. NO1-ES-8-2153.)

Chester, R., A.S. Berry, and K.J.T. Murphy. 1991. The distributions of particulate atmospheric
trace metals and mineral aerosols over the Indian Ocean. Mar. Chem. 34:261-290. Cited by
ATSDR (2001).

Chiappino, G. 1994. Hard metal disease: Clinical aspects. Sci. Total Environ. 150(1-3):65-68.

Chiappino, G. 1998. Hard metal disease. In: Stellman, J.M., Ed. Encyclopaedia of
Occupational Health and Safety, 4™ ed. International Labour Office, Geneva, Switzerland, pp.
10.63-10.66.

Clean Air Act Amendments. 1990. Section 112—Hazardous Air Pollutants, (b)—List of
Pollutants, (1)—Initial List. Internet addresses:

http://www.epa.gov/oar/caa/caal 12.txt and http://epa.gov/ttn/atw/188polls.html. Last accessed
on January 22, 2002 and January 29, 2002 respectively.

Coates, E.O, Jr., and J.H.L. Watson. 1971. Diffuse interstitial lung disease in tungsten carbide
workers. Ann. Int. Med. 75:709-716. Cited by Herndon et al. (1981) and IARC (1991).

Costa, M. 1979. Preliminary report on nickel-induced transformation in tissue culture. In:
Risby, T.H., Ed. Ultratrace Metal Analysis in Biological Sciences and Environment. Advances
in Chemistry Series No. 172, American Chemical Society, Washington, DC. Cited by Herndon
et al. (1981).

Costa, D.L., J.R. Lehmann, R.S. Kutzman, and R.T. Drew. 1990 abstr. Lung function, structure,
and composition in rats subchronically exposed to dusts of tungsten carbide (WC) and cobalt
(Co), alone and in combination. Am. Rev. Respir. Dis. 141(4 Part 2):A423.

Curtis, J.R., G.C. Goode, J. Herrington, and L.E. Urdaneta. 1976. Possible cobalt toxicity in
maintenance hemodialysis patients after treatment with cobaltous chloride: A study of blood and

tissue cobalt concentrations in normal subjects and patients with terminal renal failure. Clin.
Nephrol. 5:61-65. Cited by IARC (1991).

29



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

Daniel, M., J.T. Dingle, M. Webb, and J.C. Heath. 1963. The biological action of cobalt and
other metals. 1. The effects of cobalt on the morphology and metabolism of rat fibroblasts in
vitro. Br. J. Exp. Pathol. 44:163-176. Cited by IARC (1991).

De Boeck, M., S. Lardau, J.-P. Buchet, M. Kirsch-Volders, and D. Lison. 2000. Absence of
significant genotoxicity in lymphocytes and urine from workers exposed to moderate levels of
cobalt-containing dust: A cross-sectional study. Environ. Mol. Mutagen. 36(2):151-160.

Delahant, A.B. 1955. An experimental study of the effects of rare metals on animal lungs.
AMA Arch. Ind. Health 12:116-120. Cited by Herndon et al. (1981).

Demedts, M., and J.L. Ceuppens. 1989. Respiratory diseases from hard metal or cobalt
exposure—Solving an enigma. Chest 95:2-3. Cited by IARC (1991).

Demedts, M., B. Gheysens, J. Nagels, E. Verbeken, J. Lauweryns, A. van den Eeckhout, D.
Lahaye, and A. Gyselen. 1984. Cobalt lung in diamond polishers. Am. Rev. Respir. Dis.
130(1):130-135.

Dorsit, G., R. Girard, H. Rousset, J. Brune, T. Wiesendanger, F. Tolot, J. Bourret, and P. Galy.
1970. Pulmonary fibrosis in 3 workers in the same factory exposed to cobalt and tungsten

carbide dust. Pulmonary disorders in the hard metal industry. Apropos of an occupational
survey. Sem. Hop. Paris 46(51):3363-3376. Cited by Herndon et al. (1981).

Elinder, C.-G., L. Gerhardsson, and G. Oberdorster. 1988. Biological monitoring of toxic
metals—Overview. In: Clarkson, T.W., L. Friberg, G.F. Nordberg, and P.R. Sager, Eds.
Biological Monitoring of Toxic Metals. Plenum Press, New York, NY, pp. 1-71. Cited by
IARC (1991).

Ferdenzi, P., C. Giaroli, P. Mori, C. Pedroni, R. Piccinini, R. Ricci, O. Sala, C. Veronesi, and F.
Mineo. 1994. Cobalt powdersintering industry (stone cutting diamond wheels): A study of
environmental-biological monitoring, workplace improvement and health surveillance. Sci.
Total Environ. 150(1-3):245-248.

Fernandez, J.P., C. Veron, H.F. Hildebrand, and P. Martin. 1986. Nickel allergy to dental
prostheses. (Short communication). Contact Dermatitis 14:312. Cited by IARC (1991).

Franchini, I., M.C. Bocchi, C. Giaroli, O. Ferdensi, R. Alinovi, and E. Bergamaschi. 1994.
Does occupational cobalt exposure determine early renal changes? Sci. Total Environ.

150(1-3):149-152.

Frederick, W.G., and Bradley, W.R. 1946. Report of Eighth Annual Meeting of the American
Industrial Hygiene Association, Chicago. Cited by Harding (1950).

30



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

Gennart, J.Ph. C. Baleux, Ch. Verellen-Dumoulin, J.P. Buchet, R. De Meyer, and R. Lauwerys.
1993. Increased sister chromatid exchanges and tumor markers in workers exposed to elemental
chromium-, cobalt- and nickel-containing dusts. Mutat. Res. 299(1):55-61.

Georgiadi, G.A. 1978. Change in the activity of the dehydrogenases and nonspecific enzymes
in the respiratory tract mucosa of rats exposed to metallic cobalt dust in a chronic experiment
(Russ.). Zh. Ushn. Nos. Gorl. Bolezn. 1:63-67. Cited by Herndon et al. (1981).

Georgiadi, G.A., and L.A. El'kind. 1978. Morphological changes in the respiratory tract mucosa
under the influence of a metallic cobalt aerosol in a chronic experiment. Zh. Ushn. Nos. Gorl.
Bolezn. 3:41-45. Cited by Herndon et al. (1981).

Georgiadi, G.A., and N.G. Ivanov. 1984. Effect of cobalt acrosols on the respiratory tract of
experimental animals (Russ.). Gig. Tr. Prof. Zabol. 1:50-51. [Translated by Bonnie L. Carson.]

Hamilton, E.I. 1994. The geobiochemistry of cobalt. Sci. Total Environ. 150:7-39. Cited by
ATSDR (2001).

Harding, H.E. 1950. Notes on the toxicology of cobalt metal. Br. J. Ind. Med. 7:76-78.

Heath, J.C. 1954a. Cobalt as a carcinogen. Nature 173:822-823. Cited by Jensen and Tiichsen
(1990) and IARC (1991).

Heath, J.C. 1956. The production of malignant tumours by cobalt in the rat. Br. J. Cancer
10:668-673. Cited by Jensen and Tiichsen (1990) and IARC (1991).

Heath, J.C. 1960. The histogenesis of malignant tumours induced by cobalt in the rat. Br. J.
Cancer 14:478-482. Cited by IARC (1991).

Heath, J.C., and M.R. Daniel. 1962. The production of malignant tumours by cobalt in the rat:
Intrathoracic tumours. Br. J. Cancer 16:473-478. Cited by Jensen and Tiichsen (1990) and
TIARC (1991).

Hedge, A.G., D.M. Thakker, and 1.S. Bhat. 1979. Long-term clearance of inhaled %Co. Health
Phys. 36:732-734. Cited by IARC (1991).

Hillerdal, G., and M. Hartung. 1983. On cobalt in tissues from hard metal workers. Int. Arch.
Occup. Environ. Health 53:89-90. Cited by IARC (1991).

Hoet, P, and R. Lauwerys. 1998. Metals and Organometallic Compounds—Cobalt. In:
Stellman, J.M., Ed. Encyclopaedia of Occupational Health and Safety, 4™ ed. International
Labour Organization, Geneva, Switzerland, pp. 27.10-27.11.

Hogstedt, C., and R. Alexandersson. 1990. Mortality among hard-metal workers (Swed.).
Arbete Hélsa 21:1-26. Cited by IARC (1991).

31



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

HSDB (Hazardous Substances Data Bank). 2001. Cobalt. HSDB No. 519. Produced by the
National Library of Medicine (NLM), Bethesda, MD. Last updated on May 16, 2001.

Huaux, F., G. Lasfargues, R. Lauwerys, and D. Lison. 1995. Lung toxicity of hard metal
particles and production of interleukin-1, tumor necrosis factor-a., fibronectin, and cystatin-c by
lung phagocytes. Toxicol. Appl. Pharmacol. 132(1):53-62.

IARC (International Agency for Research on Cancer). 1991. Cobalt and cobalt compounds. In:
IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Vol. 52. IJARC/WHO,
Lyon, France, pp. 363-472.

Iyengar, V., and J. Woittiez. 1988. Trace elements in human clinical specimens: Evaluation of
literature data to identify reference values. Clin. Chem. 34:474-481. Cited by IARC (1991).

Jasmin, G., and J.L. Riopelle. 1976. Renal carcinomas and erythrocytosis in rats following
intrarenal injection of nickel subsulfide. Lab. Invest. 35:71-78. Cited by IARC (1991).

Jensen, A.A., and F. Tiichsen. 1990. Cobalt exposure and cancer risk. CRC Crit. Rev. Toxicol.
29(6):427-437.

Johansson, A., M. Lundborg, P.-A. Hellstrém, P. Camner, T.R. Keyser, S.E. Kirton, and D.F.S.
Natusch. 1980. Effect of iron, cobalt, and chromium dust on rabbit alveolar macrophages: A
comparison with the effects of nickel dust. Environ. Res. 21(1):165-176.

Johanssson, A., T. Curstedt, and B. Robertson, et al. [Other authors not provided.] 1992. Rabbit
lung after combined exposure to soluble cobalt and trivalent chromium. Environ. Res. 58:80-96.

Cited by ATSDR (2001).

Jones, D.A., H.K. Lucas, M. O'Driscoll, C.H.G. Price, and B. Wibberley. 1975. Cobalt toxicity
after McKee hip arthroplasty. J. Bone Joint Surg. 57B:289-296. Cited by IARC (1991).

Jordan, C., etal. 1990. [title not provided] Toxicol. Lett. 54:241 ff. Cited by Grimsley (2001).

Kaplun, Z.S. 1957. Toxicity of industrial cobalt dust and its compounds. Tsvetn. Met.
30(9):42-48. Cited by Herndon et al. (1981)

Kaplun, Z.S. 1967. Cobalt. In: Izrael'son, Z.1., Ed. Toxicology of the Rare Metals. Israel
Program for Scientific Translations, Jerusalem, Israel, pp. 110-118.

Kaplun, Z.S., and N.V. Mezentseva. 1967. Industrial dusts encountered in powder metallurgy
(hard alloys). In: Izrael'son, Z.I., Ed. Toxicology of the Rare Metals. Israel Program for

Scientific Translations, Jerusalem, Israel, pp. 155-163.

Kennedy, A., J.D. Dornan, and R. King. 1981. Fatal myocardial disease associated with
industrial exposure to cobalt. Lancet 1:412 ff. Cited by Jensen and Tiichsen (1990).

32



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

Kerfoot, E.J. 1973. Chronic animal inhalation toxicity to cobalt. Contract No. HSM 09-71-19.
U.S. Department of Health, Education, and Welfare, National Institute for Occupational Safety
and Health, Cincinnati, OH, 37 pp.

Kerfoot, E.J., W.G. Fredrick, and E. Domeier. 1975. Cobalt metal inhalation studies on
miniature swine. Am. Ind. Hyg. Assoc. J. 36:17-25.

Kochetkova, T.A. 1960. On the question of the effect of cobalt powders. Gig. Truda Prof.
Zabol. 4:34-38. Cited by Lison and Lauwerys (1995).

Kusaka, Y., M. Iki. S. Kumagai, and S. Goto. 1996. Epidemiological study of hard metal
asthma. Occup. Environ. Med. 53(3):188-193.

Kyono, H., Y. Kusaka, K. Homma, H. Kubota, and Y. Endo-Ichikawa. 1992. Reversible lung
lesions in rats due to short-term exposure to ultrafine cobalt particles. Ind. Health 30(3-4):103(]
118.

Lantzy, R.J., and F.T. Mackenzie. 1979. Atmospheric trace metals: Global cycles and
assessment of man's impact. Geochem. Cosmochim. Acta 43:511-525. Cited by ATSDR
(2001).

Lasfargues, G., D. Lison, P. Maldague, and R. Lauwerys. 1992. Comparative study of the acute
lung toxicity of pure cobalt powder and cobalt-tungsten carbide mixture in rat. Toxicol. Appl.
Pharmacol. 112(1):41-50.

Lasfargues, G., C. Lardot, M. Delos, R. Lauwerys, and D. Lison. 1995. The delayed lung
responses to single and repeated intratracheal administration of pure cobalt and hard metal
powder in the rat. Environ. Res. 69(2):108-121.

Lauwerys, R., and D. Lison. 1994. Health risks associated with cobalt exposure—An overview.
Sci. Total Environ. 150(1-3):1-6

Léonard, A., and R. Lauwerys. 1990. Mutagenicity, carcinogenicity and teratogenicity of cobalt
metal and cobalt compounds. Mutat. Res. 239(1):17-27.

Linnainmaa, M., J. Kangas, and P. Kalliokoski. 1996. Exposure to airborne metals in the
manufacture and maintenance of hard metal and stellite blades. Am. Ind. Hyg. Assoc. J.

57(2):196-201.

Lins, L.E., and S.K. Pehrsson. 1984. Cobalt in serum and urine related to renal function. Trace
Elements Med. 1:172-174. Cited by IARC (1991).

Lison, D. 1996. Human toxicity of cobalt-containing dust and experimental studies on the
mechanism of interstitial lung disease (hard metal disease). Crit. Rev. Toxicol. 26(6):585-616.

33



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

Lison, D., and R. Lauwerys. 1991. Biological responses of isolated microphages to cobalt metal
and tungsten carbide-cobalt powders. Pharmacol. Toxicol. 69(4):282-285.

Lison, D., and R. Lauwerys. 1994. Cobalt bioavailability from hard metal particles. Arch.
Toxicol. 68(8):528-531.

Lison, D., and R. Lauwerys. 1995. The interaction of cobalt metal with different carbides and
other mineral particles on mouse peritoneal macrophages. Toxicol. In Vitro 9(3):341-347.

Meecham, H.M., and P. Humphrey. 1991. Industrial exposure to cobalt causing optic atrophy
and nerve deafness. A case report. J. Neurol. Neurosurg. Psych. 54:374-375. Cited by
Lauwerys and Lison (1994).

Miller, A.C., S. Mog, L. McKinney, L. Luo, J. Allen, J. Xu, and N. Page. 2001. Neoplastic
transformation of human osteoblast cells to the tumorigenic phenotype by heavy metal-tungsten
alloy particles: Induction of genotoxic effects. Carcinogenesis 22(1):115-125.

Moulin, J.J., P. Wild, J.M. Mur, M. Fournier-Betz, and M Mercier-Gallay. 1993. A mortality
study of cobalt production workers: An extension of the follow-up. Am. J. Ind. Med. 23(2):2810]
288.

Mur, J.M., J.J. Moulin, M.P. Charruyer-Seinerra, and J. Lafitte. 1987. A cohort mortality study
among cobalt and sodium workers in an electrochemical plant. Am. J. Ind. Med. 11(1):75-81.
Newton, E., and J. Rundo. 1970. The long-term retention of inhaled cobalt-60. Health Phys.
21:377-384. Cited by IARC (1991).

NIOSH (National Institute of Occupational Safety and Health). 1977. Criteria for a
recommended standard... Occupational exposure to tungsten and cemented tungsten carbide.
DHEW (NIOSH) Publication No. 77-127. Contract No. 099-74-0031. NIOSH, Cincinnati, OH,
182 pp. Internet address: http://www.toxnet.nlm.nih.gov/cgi-
bin/sis/search/f?./temp/~AAAX9ai51:232:BODY. Last accessed on October 1, 2001.

NIOSH. 1978. Occupational health guideline for cobalt metal fume and dust. Internet address:
http://www.cdc.gov/niosh/81-123.html/0146.pdf. [Date of last access not available.]

Nriagu, J.O. 1989. A global assessment of natural sources of atmospheric trace metals. Nature
338:47-49. Cited by ATSDR (2001).

NTP (National Toxicology Program). 1998. NTP Technical Report on the Toxicology and
Carcinogenesis Studies of Cobalt Sulfate Heptahydrate [CAS No. 10026-24-1] in F344/N Rats
and B6C3F1 Mice (Inhalation Studies). NTP TR 471. NIH Publication No. 98-3961. U.S.
Department of Health and Human Services, Public Health Service, National Institutes of Health.

OMG (OM Group, Inc.). 2000. [company website, including cobalt powder product
description] Internet address: http://www.omgi.com. Last accessed on July 16, 2001.

34



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

OSHA (Occupational Safety and Health Administration). 2001. Guide to
OSHA/NIOSH/ASTM Air Sampling Methods. Internet address:
http://www.skcinc.com/NIOSH1/FILE0616.html. Last updated on June 28, 2001. Last accessed
on June 29, 2001.

Palmes, E.D., N. Nelson, S. Laskin, et al. [Other authors not provided.] 1959. Inhalation
toxicity of cobalt hydrocarbonyl. Am. Ind. Hyg. Assoc. J. 20:453-468. Cited by ATSDR
(2001).

Payne, L.R. 1977. The hazards of cobalt. J. Soc. Occup. Med. 27(1):20-25. Cited by Herndon
et al. (1981).

Pedersen, D.H., R.O. Young, and V.E. Rose. 2001. PoEulations atrisk. In: Bingham, E., B.
Cohrssen, and C.H. Powell, Eds. Patty's Toxicology, 5" ed. Vol. 8. John Wiley and Sons, Inc.,
New York, NY, pp. 699, 710, 782-3, and 1135.

Pellet, F., A. Perdrix, M. Vincent, and J.-M. Mallion. 1984. Biological levels of urinary cobalt
(Fr.). Arch. Mal. Prof. 45:81-85. Cited by IARC (1991).

Popov, L.M. 1976/1977. Study of some indexes of hemopoietic functions during the hygienic
evaluation of the effect of a metallic cobalt aerosol on experimental animals (Russ.). Aktual'n.
Vopr. Gig. Okruzhayushchei Sredy, 138-142 (1976); Chem. Abstr. 87:063698a (1977). Cited by
Herndon et al. (1981).

Popov, L.M. 1977b. Study on the effect of low concentrations of metallic cobalt aerosol on
experimental animals (Russ.). Gig. Sanit. 4:97-98. Abstract in English available from
TOXLINE at the following internet address: http://www.toxnet.nlm.nih.gov/cgi-
bin/sis/search/f?./temp/~AAAIWaW4j:3:BODY. Last accessed on October 1, 2001. [This is
cited as Popov (1977b) by Herndon et al. (1981). The letter designation was kept to prevent
confusion. ]

Popov, L.N., and N.A. Markina. 1977. Cobalt accumulation in experimental animals during
inhalation (Russ.). Gigienicheskie Aspekty Okhrany Zdorov'ya Naseleniya, 20-21. Cited by
Herndon et al. (1981).

Popov, L.N., T.A. Kochetkova, M.I. Gusev, N.A. Markina, E.V. Elfimova, and M.A. Timonov.
1977. The accumulation, distribution, and morphological changes in the body following the
inhalation of a metallic cobalt aerosol (Russ.). Gig. Sanit. 6:12-15. Abstract in English available

from TOXLINE at the following internet address: http://www.toxnet.nlm.nih.gov/cgi-
bin/sis/search/f?./temp/~AAAIWaW4j:1:BODY. Last accessed on October 1, 2001.

Potolicchio, I., G. Mosconi, A. Forni, B. Nemery, P. Seghizzi, and R. Sorrentino. 1997.
Susceptibility to hard metal lung disease is strongly associated with the presence of glutamate 69
in HLA-DP chain. Eur. J. Immunol. 27(10):2741-2743.

35



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

Pratt, R., J. Dufrenoy, and L.A. Strait. 1948. [title not provided] J. Bacteriol. 55:75 ff. Cited by
Grimsley (2001).

Rae, T. 1978. The hemolytic action of particulate metals (Cd, Cr, Co, Fe, Mo, Ni, Ta, Ti, Zn,
Co-Cr alloy). J. Pathol. 125(2):81-89.

Reinl, F., F. Schnellbacher, and G. Rahm. 1979. Lungenfibrosen und entzundliche
Lungerekrankungen nach Einwirkung von Kobaltkontaktmasse (Ger.). Zietbladt fur
Arbeitsmedizine 12:318-325. Cited by Lison and Lauwerys (1995).

Roesems, G., P.H.M. Hoet, M. Demedsts, and B. Nemery. 1997. In vitro toxicity of cobalt and
hard metal dust in rat and human type II pneumocytes. Pharmacol. Toxicol. 81(2):74-80.

Roskill Information Services Ltd. 1989. The Economics of Cobalt, 6™ ed. London, pp. i-iii, 10
12, 19, 81-82, 120-130, 141-156, 202-212. Cited by IARC, 1991.

RTECS (Registry of Toxic Effects of Chemical Substances). 2000. Cobalt. RTECS No.
GF8750000. Produced by the National Institute of Occupational Safety and Health (NIOSH).
Profile last updated in December 2000. File last reloaded in February 2001.

Schepers, G.W.H. 1955b. The biological action of tungsten carbide and cobalt. AMA Arch.
Ind. Health 12:124-126. Cited by Herndon et al. (1981).

Schroeder, W.H., M. Dobson, D.M. Kane, et al. 1987. Toxic trace elements associated with
airborne particulate matter: A review. J. Air Pollut. Control Assoc. 37(11):1267-1285. Cited by
ATSDR (2001).

Shedd, K.B. 1988. Cobalt. In: Minerals Yearbook 1988. Bureau of Mines, U.S. Department of
the Interior, Washington, DC, pp. 1-10. Cited by IARC, 1991.

Shedd, K.B. 1990. Cobalt. In: Mineral Commodity Summaries 1990. Bureau of Mines,
Department of the Interior, Washington, DC, pp. 48-49. Cited by IARC, 1991.

Shedd, K.B. 2000. Cobalt. In: U.S. Geological Survey Minerals Yearbook—1999. U.S.
Department of the Interior, USGS, Reston, VA, pp. 20.1-20.10 and Tables 1-9. Internet address:
http://minerals.usgs.gov/minerals/pubs/commodity/cobalt/210499.pdf.

Sibley, S.F. 1975. Cobalt. In: Mineral Facts and Problems, 1975 ed. Bureau of Mines,
Washington, DC, pp. 269-280.

Sjogren, 1., G. Hillerdal, A. Andersson, and O. Zetterstrom. 1980. Hard metal lung disease:
Importance of cobalt in coolants. Thorax 35:653-659. Cited by IARC (1991).

Stokinger, H.E., and W.D. Wagner. 1958. Early metabolic changes following cobalt exposure.
Arch. Ind. Health 17:273-279. Cited by Herndon et al. (1981).

36



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

Sundaram, P., K. Agrawal, J.V. Mandke, and J.M. Joshi. 2001. Giant cell pneumonitis induced
by cobalt. Indian J. Chest Dis. Allied Sci. 43(1):47-49. Abstract from MEDLINE 2001272762.

Sunderman, F.W., Jr., S.M. Hopfer, T. Swift, W.N. Rezuke, L. Ziebka, P. Highman, B. Edwards,
M. Folcik, and H.R. Gossling. 1989. Cobalt, chromium, and nickel concentrations in body
fluids of patients with porous-coated knee or hip prostheses. J. Orthoped. Res. 7:307-315. Cited
by IARC (1991).

Takahashi, H., and K. Koshi. 1981. Solubility and cell toxicity of cobalt, zinc, and lead. Ind.
Health 19:47-59. Cited by IARC (1991).

The Times of India. 2001. Ban on use of cobalt in diamond units. The Times of India Online,
Times Internet Limited. January 21, 2001. Available at the following internet address:
http://www.timesofindia.com/210101/21mahm?2.htm. Last accessed on July 2, 2001.

Thomas, J.A., and J.P. Thiery. 1953. Production élective de liposarcoma chez des lapins par les
oligoéleménts zinc et cobalt (Fr.). C.R. Acad. Sci 236:1387-1389. Cited by Léonard and
Lauwerys (1990).

Thomas, R.H.M., M. Rademarker, N.J. Goddard, and D.D. Munro. 1987. Severe eczema of the
hands due to an orthopaedic plate made of Vitallium. Br. Med. J. 294:106-107. Cited by IARC
(1991).

TRI99 (Toxics Release Inventory 99). 2001. TRI explorer: Providing access to EPA's toxics
release inventory. Office of Information Analysis and Access, Offices of Environmental
Information, U.S. Environmental Protection Agency, Washington, DC. Internet address:
http://www.epa.gov/triexplorer/. Last accessed on June 7, 2001. Cited by ATSDR (2001).

42 U.S. Code Section 7412(b)(1). 2000. 42 U.S.C.—The Public Health and Welfare, Chapter
85—Air Pollution, Prevention and Control, Subchapter [—Programs and Activities, Part A—Air
Quality and Emission Limitations, 7412—Hazardous Air Pollutants, (b)—List of Pollutants,
(1)—TInitial List. Internet address: http://frwebgate4.access.gpo.gov/cgil]
bin/waisgate.cgiWAISdocID=3392072114+4+0+0& W AlSaction=retrieve

U.S. EPA. 2001. 40 CFR—Protection of the Environment, Part 63—National Emission
Standards for Hazardous Air Pollutants for Source Categories, Subpart C—List of Hazardous Air
Pollutants, Petition Process, Lesser Quantity Designations, Source Category List.

Van Goethem, F., D. Lison, and M. Kirsch-Volders. 1997. Comparative evaluation of the in
vitro micronucleus test and the alkaline single cell gel electrophoresis assay for the detection of
DNA damaging agent: Genotoxic effects of cobalt powder, tungsten carbide and cobalt-tungsten
carbide. Mutat. Res. 392(1-2):31-43.

Verhamme, E.N. 1973. Contribution to the evaluation of the toxicity of cobalt. Cobalt 1973:29[]
32. Cited by Herndon et al. (1981).

37



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

Weaver, J.C., V.M. Kolainsek, and P.D. Richards. 1956. Cobalt tumor of thyroid gland. Calif.
Med. 85:110-112. Cited by Léonard and Lauwerys (1990).

Wehner, A.P., R.H. Busch., and R.J. Olson, et al. [Other authors not named.] 1977. Chronic
inhalation of cobalt oxide and cigarette smoke by hamsters. Am. Ind. Hyg. Assoc. J. 38:338[
346. Cited by ATSDR (2001).

Wong, P.K. 1988. Mutagenicity of heavy metals. Bull. Environ. Contam. Toxicol. 40(4):597("
603. Internet address: http://toxnet.nlm.nih.gov/cgi-bin/sis/search. Chemical Carcinogenesis
Research Information System (CCRIS) Record No. 1575. Last updated on October 19, 1989.
Last accessed on July 6, 2001.

13.0 References Considered But Not Cited

Balmes, J.R. 1987. Respiratory effects of hard-metal dust exposure. Occup. Med. State Art
Rev. 2(2):327-344.

Baudouin, J., P. Jobard, J. Moline, M. Lavandier, A. Roullier, and J.P. Homasson. 1975.
Diffuse interstitial pulmonary fibrosis. Responsibility of hard metals (Fr.). Nouv. Presse Med.
4(18):1353-1355.

Cereda, C., M.L. Redaelli, M. Canesi, A. Carniti, and S. Bianchi. 1994. Widia tool grinding:
The importance of primary prevention measures in reducing occupational exposure to cobalt.
Sci. Total Environ. 150(1-3):249-251.

Dinsdale, D., E.K. Verbeken, M. Demedts, and B. Nemery. 1991. Cobalt particles, identified by
energy-dispersive X-ray microanalysis, in diamond polisher's lung. Arch. Toxicol. O(Suppl.
14):92-95.

Edel, J., E. Sabbioni, R. Pietra, A. Rossi, M. Torre, G. Rizzato, and P. Fraioli. 1990. Trace
metal lung disease: [n vitro interaction of hard metals with human lung and plasma components.

Sci. Total Environ. 95:107-117.

Evans, P., S. Fairhurst, and K. Campion. 1993. Cobalt and cobalt compounds. In: HSE
Toxicity Review, Vol. 29, 31 pp. Abstract from TOXLINE 1998:121881.

Fairhall, L.T. 1946. The toxicology of the newer metals. Br. J. Ind. Med. 3(4):207-212.

Gennart, J.P., and R. Lauwerys. 1990. Ventilatory function of workers exposed to cobalt and
diamond containing dust. Int. Arch. Occup. Environ. Health 62(4):333-336.

Imbrogno, P., and F. Alborghetti. 1994. Evaluation and comparison of the levels of

occupational exposure to cobalt during dry and/or wet hard metal sharpening. Environmental
and biological monitoring. Sci. Total Environ. 150(1-3):259-262.

38



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

Kaplun, Z.S., and N.V. Mezentseva. 1959. (Russ.) Hygenic evaluation of aerosols formed in
the manufacture of hard alloys. Gigiena I Sanitariia 24(6):16-22.

Kelleher, P., K. Pacheco, and L.S. Newman. 2000. Inorganic dust pneumonias: The metall’
related parenchymal disorders. Environ. Health Perspect. 108(Suppl. 4):685-696.

Konietzko, H., R. Fleischmann, G. Reill and U. Reinhard. 1980. Pulmonary fibrosis due to
working with hard metals (Ger.). Deut. Med. Wochenschr. 105(4):120-123.

Lahaye, D., M. Demedsts, R. van der Oever, and D. Roosels. 1984. Lung diseases among
diamond polishers due to cobalt? Lancet 21(8369):156-157.

Lauwerys, R. 1999. Health-based acceptable exposure levels to industrial and environmental
non-genotoxic chemicals: Interpretation of human data. Rev. Toxicol. 16:129-134.

Linnainmaa, M.T. 1995. Control of exposure to cobalt during grinding of hard metal blades.
Appl. Occup. Environ. Hyg. 10(8):692-697.

Linnainmaa, M., P. Susitaival, P. Mikeld, and T. Sjoblom. 1997. Respiratory symptoms and
dermatoses among grinders and brazers of hard metal and Stellite blades. Occup. Med. 47(1):33[]
39.

Lison, D. 2000. Toxicity of cobalt-containing dusts. (Letter to the editor regarding the study by
Roesems et al. [2000].) Toxicol. Appl. Pharmacol. 168(2):173-174.

Lison, D., and R. Lauwerys. 1992. Study of the mechanism responsible for the elective toxicity
of tungsten carbide-cobalt powder toward macrophages. Toxicol. Lett. 60(2):203-210.

Lison, D., and R. Lauwerys. 1993. Evaluation of the role of reactive oxygen species in the
interactive toxicity of carbide-cobalt mixtures on macrophages in culture. Arch. Toxicol.
67(5):347-351.

Lison, D., J.-P. Buchet, B. Swennen, J. Molders, and R. Lauwerys. 1994. Biological monitoring
of workers exposed to cobalt metal, salt, oxides, and hard metal dust. Occup. Environ. Med.
51(7):447-450.

Lison, D., P. Carbonnelle, L. Mollo, R. Lauwerys, and B. Fubini. 1995. Physicochemical
mechanism of the interaction between cobalt metal and carbide particles to generate toxic
activated oxygen species. Chem. Res. Toxicol. 8(4):600-606.

Lison, D., R. Lauwerys, M. Demedts, and B. Nemery. 1996. Experimental research into the
pathogenesis of cobalt/hard metal lung disease. Eur. Respir. J. 9(5):1024-1028.

Nemery, B., J. Nagels, E. Verbeken, D. Dinsdale, and M. Demedts. 1990. Rapidly fatal

progression of cobalt lung in a diamond polisher. Am. Rev. Respir. Dis. 141(5 Part 1):1373[]
1378.

39



Toxicological Summary for Cobalt Dust [7440-48-4] 02/2002

NIOSH. 1981. Criteria for controlling occupational exposure to cobalt. U.S. Government
Printing Office, Washington, DC, 70 pp.

Nordberg, G. 1994. Assessment of risks in occupational cobalt exposures. Sci. Total Environ.
150(1-3):201-207.

Sala, C., G. Mosconi, M. Bacis, F. Bernabeo, A. Bay, and O. Sala. 1994. Cobalt exposure in
'hard metal' and diamonds grinding tools manufacturing and in grinding processes. Sci. Total
Environ. 150(1-3):111-116.

Skog, E. 1963. Skin affections caused by hard metal dust. Ind. Med. Surg. 32:266-268.

Sprince, N.L., L.C. Oliver, R.I. Chamberlin, E.A. Eisen, and R.E. Greene. 1994 abstr. Etiology
and pathogenesis of hard metal disease. Sci. Total Environ. 150(1-3):55. Abstract.

Swennen, B., J.-P. Buchet, D. Stdnescu, D. Lison, and R. Lauwerys. 1993. Epidemiological
survey of workers exposed to cobalt oxides, cobalt salts, and cobalt metal. Br. J. Ind. Med.
50(9):835-842.

van der Oever, R., D. Roosels, M. Douwen, J. Vanderkeel, and D. Lahaye. 1990. Exposure of
diamond polishers to cobalt. Ann. Occup. Hyg. 34(6):609-614.

Zhang, Q., Y. Kusaka, K. Sato, K. Nakakuki, N. Kohyama, and K. Donaldson. 1998.
Differences in the extent of inflammation caused by intratracheal exposure to three ultrafine
metals: Role of free radicals. J. Toxicol. Environ. Health, Part A 53(6):423-439.

Acknowledgements

Support to the National Toxicology Program for the preparation of Cobalt Dust [7440-48-4]—
Review of Toxicological Literature was provided by Integrated Laboratory Systems, Inc.,
through NIEHS Contract Number NO1-ES-65402. Contributors included: Karen E. Haneke,
M.S. (Principal Investigator); Bonnie L. Carson, M.S. (Co-Principal Investigator); Claudine A.
Gregorio, M. A. (author); Rachel Hardy, M.A. (QC support); and Nathan S. Belue, B.S. (library
retrieval support).

Units and Abbreviations

°C = degrees Celsius

ug/L = microgram(s) per liter

ug/m’ = microgram(s) per cubic meter
ug/mL = microgram(s) per milliliter
uM = micromolar

ATSDR = Agency for Toxic Substances and Disease Registry
bw = body weight

CEA = carcinoembryonic antigen

F = female(s)

g = gram(s)
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g/mL = gram(s) per milliliter

h = hour(s)

HSDB = Hazardous Substances Data Bank
IARC = International Agency for Research on Cancer
i.m. = intramuscular(ly)

inh = inhalation

1.p. = intraperitoneal(ly)

i.t. = intratracheal(ly)

kg = kilogram(s)

L = liter(s)

Ib = pound(s)

LDso = lethal dose for 50% of test animals
LDH = lactate dehydrogenase

M = male(s)

mg/kg = milligram(s) per kilogram

mg/m’ = milligram(s) per cubic meter
mg/mL = milligram(s) per milliliter

min = minute(s)

mL/kg = milliliter(s) per kilogram

mm = millimeter(s)

mM = millimolar

mmol = millimole(s)

mmol/kg = millimoles per kilogram

mo = month(s)

mol = mole(s)

mol. wt. = molecular weight

n = number

NAG = N-acetyl-f3-D-glucosaminidase

NIEHS = National Institute of Environmental Health Sciences
NIOSH = National Institute for Occupational Safety and Health

n.p. = not provided

ppb = parts per billion
ppm = parts per million
ppt = parts per trillion

RTECS = Registry of Toxic Effects of Chemical Substances

SCE = sister chromatid exchange

TP = total proteins

TSCA = Toxic Substances Control Act
TWA = time-weighted average

WC = tungsten carbide

WC-Co = tungsten carbide-cobalt mixture
wk = week(s)

yr = year(s)
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Appendix: Literature Search Strategy

02/2002

An online search of bibliographic databases was performed on STN International on July 2,
2001. The first two columns in the table below shows the distribution of records in all
bibliographic databases that contained the term “cobalt?”” within six words of “dust?” in either
direction. The question mark is used as a truncation symbol. Databases in boldface were
searched simultaneously using that strategy (column 3) and by using the search statement
“cobalt? within three words of “powd?” (column 4).
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NIOSHTIC
NLDB

NTIS
OCEAN
PASCAL

PATOSEP
PCTFULL
PHIN

PIRA
POLLUAB
PROMT
RUSSCI
SCISEARCH
SIGLE
SOLIDSTATE
TEXTILETECH
TOXLINE
TOXLIT
TRIBO
ULIDAT
USPATFULL
WPIDS

COBALT? (6A) DUST?

SIMULTANEOUS SEARCHES
(After Duplicate Removal)

O ON

10

63

78

62

42

COBALT (3A) POWD?

SIMULTANEOUS SEARCHES
(After Duplicate Removal)

ONON

11
6
7

105

(mostly
technology)
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Totals

RECORDS/DATABASE FOR

34

COBALT? (6A) DUST? IN STN INDEX

FILE WPINDEX
FILE WSCA

02/2002

COBALT? (6A) DUST? COBALT (3A) POWD?

SIMULTANEOUS SEARCHES SIMULTANEOUS SEARCHES
(After Duplicate Removal) (After Duplicate Removal)

243 143

Details of Simultaneous Searches on 02 Jul 2001 in MEDLINE, CANCERLIT,
TOXLINE, AGRICOLA, NIOSHTIC, CABA, EMBASE, PASCAL, BIOTECHNO,
BIOSIS, LIFESCI, and NTIS

Preliminary Considerations

The references cited in Herndon et al. (1981), which was written under NIEHS Contract No.
NO1-ES-8-2153, “Appraisal of Environmental Exposure to Heavy Metals,” was assumed to
represent a reasonably comprehensive search on the toxicology of cobalt dusts for publications
up to about 1979. In 1979, that project’s Principal Investigator (current searcher Bonnie L.
Carson) selected references for this cobalt physiology chapter from online searches of
MEDLINE and TOXLINE (search term cobalt?) and from manual searches of all Chemical
Abstracts Collective Indexes back to the early 1900s. For the July 2001 STN International
searches, the year 1991 was assumed to be a reasonable lower limit because an IARC monograph
on cobalt was published in that year. Animal toxicology studies were selected from the search
results if unalloyed cobalt metal dusts or powders had been administered by inhalation or by
intratracheal (endotracheal) instillation.

History of STN International Search Session

Answer
Set

L2

L3
L4
L5
L6
L7
L8
L9
L10
L1l
L12
L13
L14
L15
Lle
L17
Lis
L19
L20
L21
L22
L23
L24

Answer set L24 was saved as 'POWDCOBALT/A'

offline.

243
52
28
28

461
25
11
11

488

436
88
22
22

348

126
44
44

476

409

196

143

143

Records Search Statement

(s

Search) and Comments (Boldface)

S L1l [L1 = cobalt?(6A)dust?, which was created in the STN Index file.]

SET DUPORDER FILE

DUP REM L2 (270 DUPLICATES REMOVED)

S L2 AND (REVIEW? OR REVIEW/DT)

DUP REM L4 (24 DUPLICATES REMOVED)
SORT L5 1-28 TI [Printed full records of selected reviews.]

S L2 NOT L4
S L7 AND (1999-2001)/PY

DUP REM L8 (14 DUPLICATES REMOVED)
SORT L9 1-11 TI [Printed selected full records published 1999-2001.]

S L2 NOT L8
S L11 NOT L4
S L12 AND (1995-1998/PY)

DUP REM L13 (66 DUPLICATES REMOVED)

[This command generated data in table column 3.]

SORT L14 1-22 TI [Printed selected full records published 1995-1998.]

S L2 NOT (L4 OR L8 OR L13)
S Llé AND (1991-1994/PY)

DUP REM L17 (82 DUPLICATES REMOVED)

SORT L18 1-44 TI [Printed selected full records published 1991-1994.]

S COBALT? (3A) POWD?
S L20 NOT L2
S L21 AND (1991-2001)/PY

DUP REM L22 (53 DUPLICATES REMOVED)

SORT L23 1-143 TI

between 1991 and 2001.]

43

[This command generated data in table column 4.]

[All 143 sorted titles were printed for selection
Selected and subsequently printed were 21 full records on cobalt powders published
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Other Searches

TOXLINE, GENETOX, and EMIC were browsed on the Internet. More than 500 records were
found in TOXLINE on October 1, 2001, that satisfied the search strategy “cobalt®* AND (powd*
OR dust*).” Results were scanned while online, and about 30 relevant records from older
toxicity studies and about 30 records with exposure information were printed. The cobalt
chapter from the Minerals Yearbook was retrieved from the U.S. Geological Survey web site.
Articles from the daily trade newspaper American Metal Market were retrieved at
findarticles.com. Miscellaneous web searches were conducted using the Google search engine.
Three citations that had been inadvertently omitted from the references in the chapter by
Herndon et al. (1981) were located in PubMed.
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